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Commissioner: 

This is an appeal brief for the above-captioned matter. 



I. Real Party In Interest 



The assignee and real party in interest is Shimano, Inc., a Japanese corporation having a 
principal place of business in Osaka, Japan. 



II. Related Appeals And Interferences 



There are no prior or pending appeals, interferences or judicial proceedings known to the 
appellant, to appellant's legal representative, or to the assignee which may be related to, directly 
affect, or be directly affected by, or have a bearing on the Board's decision in the pending appeal. 
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III. Status Of Claims 

Claims 28-48 are pending under final rejection and are under appeal. Claims 1-27 have been 
canceled. 

IV. Status Of Amendments 

No amendment was filed subsequent to final rejection. 

V. Summary Of Claimed Subject Matter 

The application discloses an apparatus for stabilizing power to a bicycle component. Cited 
reference numbers and text are examples only and are not intended to be limiting. Line numbers 
refer to the line numbers within each individually cited paragraph. 

As applied to independent claim 28, a bicycle electrical control apparatus comprises: 

a programmed power/control circuit ((35), Fig. 3, page 4, paragraph [0015], lines 1-2) that 
receives power from a power supply ((19), Fig. 3, pages 3-4, paragraph [0014], lines 7-9) and 
outputs a composite signal having a power signal component and a control signal component (pages 
4-5, paragraph [0016], lines 1-3), wherein the control signal component contains information such 
that the composite signal can be decoded to extract the information contained in the control signal 
component (pages 4-5, paragraph [0016], lines 4-7); 

a first electrical bicycle component ((55), Fig. 3, page 5, paragraph [0018], lines 1-3) that 
receives the composite signal and is controlled by the information contained in the control signal 
component of the composite signal (pages 4-5, paragraph [0016], lines 4-7); 

a second electrical bicycle component ((58), Fig. 3, page 5, paragraph [0018], lines 2-3) that 
receives the composite signal but is not controlled by the control signal component of the composite 
signal (page 6, paragraph [0021], lines 5-11); and 

a power stabilizing circuit ((57), page 5, paragraph [0018], lines 2-3) that receives the 
composite signal, stabilizes power provided from the composite signal, and provides stabilized 
power to the second electrical bicycle component (page 6, paragraph [0021], lines 11-14). 



KOUJI OOHARA 
Application No.: 10/604,813 
Page 3 



PATENT 



VI. Grounds of Rejection to be Reviewed on Appeal 

Claims 28-32, 34-39, 42-46 and 48 stand rejected under 35 U.S.C. §103(a) as being 
unpatentable over Spencer, et al (US 6,047,230) in view of Schwaller (US 5,247,430) and an 
admission as to the state of the prior art. 

Claims 33 and 47 stand rejected under 35 U.S.C. §103(a) as being unpatentable over 
Spencer, et al, Schwaller and admitted prior art in view of and Gohda (US 4,609,982). 

Claim 40 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over Spencer, et al, 
Schwaller and admitted prior art in view of and Tomita (JP 07-229,909). 

Claim 41 stands rejected under 35 U.S.C. §103 (a) as being unpatentable over Spencer, at al, 
Schwaller and admitted prior art in view of Turner (US 2002/0014366). 

VII. Argument 

Rejection under 35 U.S.C. §103(a) over Spencer, et al (US 6,047,230) in view of Schwaller (US 
5,247,430) and admitted prior art . 

Claims 28-32, 34-38, 42-46, and 48 

Spencer, et al discloses an automatic bicycle transmission wherein a controller (21) receives 
power from a power supply (30) and receives information signals from various input components 
(e.g., 23-28 and 32-33). Controller (21) processes the signals from the various input components and 
determines when to provide signals to a shifter motor (29) that changes gears in the bicycle 
transmission. Controller (21) also provides signals to a display (31) that displays various 
information. 

Schawaller discloses a bicycle lighting system wherein a switching controller ((1), Figs. 1 
and 2) regulates the voltage from an alternating current generator (G) and provides the regulated 
voltage to lamps R L and V L . As shown in Fig. 2, switching controller (1) uses an oscillator (11) and 
an operational amplifier (4) to produce ON/OFF pulses having the variable duty-ratio shown in Fig. 
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3. An L-C circuit shown in Fig. 2 and described at column 3, lines 53-54 is used to convert the 
pulses into a direct current signal supplied to lamps Rl and V L . 

The Appellant states at page 1, paragraph [0003], lines 1-3 of the specification that 
technology for communicating power and control signals using integrated or composite signals has 
been developed to reduce the number of wires required between the various electrical components. 
That statement constitutes the admitted prior art. 

Page 5, second paragraph, of the final office action dated February 6, 2008 alleges that it 
would have been obvious to one of ordinary skill in the art at the time of the invention to use 
composite signals throughout Spencer, et al's bicycle system to reduce the number of wires used 
around the bicycle and/or to add more versatility to the bicycle by having the ability to send both 
power and control signals on the same wire. 

Rejections on obviousness cannot be sustained by mere conclusory statements; instead, there 
must be some articulated reasoning with some rational underpinning to support the legal conclusion 
of obviousness. KSR International Co. v. Teleflexlnc. 550 U.S. _, 82 USPQ2d 1385, 1396 (2007). 
Two reasons were offered to support the incentive to modify the Spencer, et al system: (1) to reduce 
the number of wires used around the bicycle, and (2) to add more versatility to the bicycle by having 
the ability to send both power and control signals on the same wire. 

Reason (1) - to reduce the number of wires used around the bicycle - is a non sequitur. A 
wire reduction occurs only with prior art devices that use both power and control signals. More 
specifically, such devices require at least two wires: one wire for the power signal and one or more 
wires for the control signal(s). Using a composite signal allows such devices to be powered and 
controlled using a single wire. However, devices that do not use control signals use only one wire to 
begin with - a power wire. Lamps and other non-controlled devices (i.e., devices that operate simply 
by the application of operating power) do not use control signals. Thus, there is no reason to power 
non-controlled devices with a composite signal to save wires because there are no wires to be saved 
with such devices. 
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Reason (2) - to add more versatility to the bicycle by having the ability to send both power 
and control signals on the same wire - is further discussed by the examiner at pages 2-3 of the office 
action. 

Initially, the Appellant wants to clarify a statement made at the last paragraph of page 2 of 
the office action. The office action states that Spencer, et al's system (Fig. 2) teaches all power and 
control signals flowing out of controller (21). However, it must be noted that the power and control 
signals flowing from Spencer, et al's system (Fig., 2) are not composite signals having a power 
signal component and a control signal component, wherein the control signal component contains 
information such that the composite signal can be decoded to extract the information contained in 
the control signal component (as recited in claim 28). 

Second, the Appellant disputes a factual statement made at the last paragraph of page 2 of the 
office action. The office action refers to "the backlight of Spencer's display (31)." However, it is 
clear from the pinouts for the AND71 1 AST display shown in Figs. 1 1 and 14 that there is no 
backlight in the Spencer, et al system. 

Standard liquid crystal displays typically comprise an LCD display screen with associated 
electronics, a polarizer film (which tends to add a green tint to the display), and a reflective backing 
(which tends to add a silver or gray tint to the display). When a backlight is added, the reflective 
backing is removed, and the backlight in the form of an electro-luminescent (EL) device (such as an 
electro-luminescent foil or an LED) is substituted for the reflective backing. The EL device is 
supplied with power, usually designated Vel. As seen from the pinouts in Figs. 1 1 and 14 of 
Spencer, et al, the LCD display is provided with standard LCD segment illumination lines LCD (0- 
7), a separate power supply line (LCDDRV) for the LCD drive (usually called V E e), a separate data 
write line (LCDCD), a separate chip enable line (LCDCE), a separate command/data/status 
read/write line (LCDWR), a separate reset line (DRESET), a separate ground line (GND), and a 
separate VCC line to pull up the signals to the data read pin (display pin (6), Fig. 14) and the font 
select pin (display pin (19), Fig. 14). There is no Vel pin or V EL signal line, which would be present 
if the disclosed AND71 1 AST display had a backlight, so there is no backlight. 



KOUJI OOHARA PATENT 
Application No. : 1 0/604, 8 1 3 
Page 6 

In any event, page 3, first paragraph, of the office action alleges that one of ordinary skill in 
the art would want to use composite signals throughout Spencer, et al's system and to supply those 
composite signals to devices that do not use both the power and control components of the 
composite signals because it is possible that the device that does not use both power and control 
signals may be removed from the system in the future and replaced by a device that does use both 
power and control signals. According to the office action, the benefit of providing composite signals 
to a component that does not use composite signals is to have the "composite wire" already installed 
for the hypothetical future modification. 

First, there is no such thing as a "composite wire." A wire is a wire, and such a wire could 
carry either power signals, control signals, or composite signals. If a device that does not use both 
power and control signals is connected to a wire, then the only logical thing to do is to supply that 
component with the appropriate signal - either a power signal or a control signal. If the device is 
later replaced with a device that uses both power and control signals in a composite format, then 
composite signals can be sent to that device through the "already installed" wire. The wire is 
"already installed" regardless of the device or signals used, so it cannot be maintained that providing 
composite signals over that pre-installed wire, when the original device attached to it does not use 
composite signals, provides any advantage. 

Furthermore, composite signals are uniquely formatted to control a particular device. One 
would not remove a headlight and replace that headlight with a heart rate monitor, for example, and 
expect the heart rate monitor to work. As a minimum, the main CPU would have to be replaced or 
reprogrammed to provide composite signals with the proper command structure to operate the heart 
rate monitor. Such replacement or reprogramming is simply is not feasible with bicycle operating 
systems. If a system does not have a desired functionality, then the entire system is replaced. 

The real issue is whether it makes sense to apply composite signals to a device that does not 
use composite signals, as recited in claim 28, to allow the possibility that the device may be removed 
in the future and replaced by a device that is exactly suited to the command structure of the existing 
composite signals. It is submitted that it makes no sense to construct a system with no current benefit 

and with a substantial of risk of causing malfunctions in the current device, all with the hope that the 
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system may be modified in the future so that the problems so created will be resolved by substituting 
the proper device for the mismatched device. 

A rejection based on Section 103 must rest on a factual basis, with the facts being interpreted 
without hindsight reconstruction of the invention from the prior art. To that end, an examiner may 
not resort to speculation, unfounded assumptions or hindsight reconstruction to supply deficiencies 
in the factual basis. Ex parte Haymond, 41 USPQ2d 1217 (BdPatApp&Int 1996). The alleged 
motivations to modify the prior art as set forth in the office action are based on improper speculative 
hypothetical assumptions, not facts. 

The office action further states at page 3, first paragraph, that it would be obvious to use 
Schwaller's power stabilizing circuit to destroy the control signals to components that do not use 
such control signals. It is submitted that there is no reason or motivation to intentionally design 
problematic systems for the satisfaction of including the solution to the problems so created at the 
same time. There is simply no reason to provide composite signals to a component, such as a 
headlight, that does not use such signals. 

The "pre-installed wire" reasoning provided to support of the rejection of claim 28 is further 
undermined by the last line in the second paragraph of page 5. As alleged therein, once composite 
signals are used throughout the Spencer, et al system, then any controlled component that receives 
the composite signal must have a CPU to use the control signal component. That may be true, but 
such a requirement also multiples the cost and complexity of the system. More specifically, not only 
do the now-required CPUs increase the hardware costs of the system, but there is the added cost and 
complexity of programming all of the added CPUs. 

It makes no sense to incur the added cost and complexity of multiple CPUs (and their 
associated programming), and to force a non-controlled component to operate with a composite 
signal (which requires the cost and complexity of additional circuitry to destroy the control 
component of the composite signal), just to have a pre-installed wire available for some remote 
possibility that the non-controlled component may be replaced in the future by a component that 
requires yet another CPU with its associated programming (not to mention the replacement or 
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reprogramming of the main processor that will be required to allow the main processor to properly 
communicate with the new CPU). 

Claim 39 

Page 3, second paragraph, of the office action states that Spencer, et al teaches a speed 
indicating signal sent to the gear shift driving component. More specifically, the speed indicating 
signal is the control signal that controls the gear changer to change gears. It is submitted that such an 
interpretation is inconsistent with the claim language. 

Claim 28, incorporated into claim 39, recites a programmed power/control circuit that 
receives power from a power supply and outputs a composite signal having a power signal 
component and a control signal component. The office action (at page 4) interpreted the recited 
power/control circuit to read on Spencer, et al's controller (21). 

Spencer, et al teaches signals output from wheel speed sensor (23) and cadence sensor (24). 
Those signals could be interpreted broadly to be speed indicating signals, but they are input to 
controller (21). The signals from wheel speed sensor (23) and cadence sensor are not output from 
controller (21). Furthermore, as required by claim 28, wheel speed sensor (23) and cadence sensor 
(24) are not programmed circuits, and the signals are not composite signals. 

The only signals output from Spencer, et al's controller (21) are the signals output to shift 
motor (29) and the signals output to display (31). Display (31) is not a gear shift controller, so that 
leaves only shift motor (29). The signals sent to Spencer, et al's shift motor (29) are shown in Fig. 
13 A. The signals comprise analog signals MOTOR0 and MOTOR1 that are communicated to the 
inverting input terminals of op amps U8 and U9. The output signals from op amps U8 and U9 
provide a differential motor drive signal to motor HI to determine the direction of rotation of motor 
HI. In other words, the signals simply provide the power to rotate motor HI in the desired direction. 
The signals output to Spencer, et al's shift motor do not indicate speed. One signal is provided for all 
upshift operations, and another signal is provided for all downshift operations. No information about 
speed can be derived from those signals. 
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There is no apparent reason to make a control signal component of a composite signal (from 
claim 28) to comprise a speed indicating signal as recited in claim 39. 

Rejection under 35 U.S.C. §103(a) over Spencer, et al % Schwaller and admitted prior art in 
view of Gohda . 

Claims 33 and 47 

It is respectfully submitted that claims 33 and 47 derive patentability from their combination 
with their respective parent claims. 

Rejection under 35 U.S.C. §1 03(a) over Spencer, et al, Schwaller and admitted prior art 
in view of Tomita . 

Claim 40 

Page 6 of the office states that it would be obvious to one of ordinary skill in the art at the 
time of the invention to implement the waveform shaping circuit recited in claim 40 into the 
modified Spencer, et al invention since Spencer, et al is silent as to how the speed indicating signal is 
derived and Tomita teaches a method known in the art that would allow for accurate control of the 
gear shifting driving component via his speedometer and waveform shaping circuit. As further 
justification for this rejection, page 3 of the office action states that, since Spencer, et al teaches 
basic ideas (i.e., speed indicating signals and a display) but doesn't explicitly teach the details of 
these ideas, one of ordinary skill in the art would be motivated to search for an explicit teaching 
regarding such broad ideas. 

Tomita discloses the use of a waveform-shaping circuit to generate speed indicating signals 
that may be used to display the bicycle speed on a display. A display is not a gear shift driving 
component, and displays are not used to control gear shift driving components. Thus, it cannot be 
said that the basic idea of displaying speed on a display motivates one to control a gear shift driving 
component via the display as alleged in the office action. 
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Rejection under 35 U.S.C. §103(a) over Spencer, et al, Schwaller and admitted prior art in 
view of Turner . 

Claim 41 

The office action states that Turner discloses an LCD component (186) to display various 
data, and a second electrical component being the backlight of the LCD display. Turner does not 
disclose a backlight. As noted previously, not all LCD displays have backlights. Furthermore, as 
noted previously, it makes no sense to apply a composite signal to a component that is not controlled 
by the composite signal. That is especially true for a backlight. 

Respectfully submitted, 

James A. Deland 
Reg. No. 31,242 

DELAND LAW OFFICE 
P.O. Box 69 

Klamath River, California 96050 
530-465-2430 
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VIIL CLAIMS APPENDIX 

CLAIM 28. A bicycle electrical control apparatus comprising: 

a programmed power/control circuit that receives power from a power supply and outputs a 
composite signal having a power signal component and a control signal component, wherein the 
control signal component contains information such that the composite signal can be decoded to 
extract the information contained in the control signal component; 

a first electrical bicycle component that receives the composite signal and is controlled by the 
information contained in the control signal component of the composite signal; 

a second electrical bicycle component that receives the composite signal but is not controlled 
by the control signal component of the composite signal; and 

a power stabilizing circuit that receives the composite signal, stabilizes power provided from 
the composite signal, and provides stabilized power to the second electrical bicycle component. 

CLAIM 29. The apparatus according to claim 28 wherein the power/control circuit comprises 

a CPU. 

CLAIM 30. The apparatus according to claim 28 wherein the control signal has a pulse 
component. 

CLAIM 31. The apparatus according to claim 30 wherein the control signal has an ON 
component and an OFF component. 

CLAIM 32. The apparatus according to claim 28 wherein the power stabilizing circuit 
comprises a capacitor. 

CLAIM 33. The apparatus according to claim 32 wherein the power stabilizing circuit further 
comprises a diode coupled to prevent reverse current from the second electrical bicycle component 
to the power/control circuit. 

CLAIM 34. The apparatus according to claim 28 wherein the power/control circuit is 
structured to derive the power signal component from an alternating current source. 
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CLAIM 35. The apparatus according to claim 34 wherein the power/control circuit is 
structured to derive the power signal component from a dynamo hub mounted to one of a front 
wheel or a rear wheel of the bicycle. 

CLAIM 36. The apparatus according to claim 28 wherein the power/control circuit is 
structured to derive the power signal component from a direct current source. 

CLAIM 37. The apparatus according to claim 36 wherein the power/control circuit is 
structured to derive the power signal component from a battery. 

CLAIM 38. The apparatus according to claim 28 wherein the power stabilizing circuit 
stabilizes the power provided from the power signal component to the second electrical bicycle 
component but not to the first electrical bicycle component. 

CLAIM 39. The apparatus according to claim 28 wherein the control signal component 
comprises a speed indicating signal. 

CLAIM 40. The apparatus according to claim 39 wherein the power/control circuit includes a 
waveform shaping circuit that derives the speed indicating signal from the output of an alternating 
current generator. 

CLAIM 41. The apparatus according to claim 28 wherein the first electrical bicycle 
component comprises a liquid crystal display component structured to display various data, and 
wherein the second electrical bicycle component comprises a backlight that illuminates the liquid 
crystal display component. 

CLAIM 42. The apparatus according to claim 28 wherein the first electrical bicycle 
component comprises a gear shift driving component that drives a gear shift mechanism having a 
plurality of gear ratios. 

CLAIM 43. The apparatus according to claim 42 wherein the second electrical bicycle 
component comprises a light. 
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CLAIM 44. The apparatus according to claim 28 wherein the power stabilizing circuit 
stabilizes a voltage provided to the second electrical bicycle component. 

CLAIM 45. The apparatus according to claim 44 wherein the power stabilizing circuit 
comprises a power storage device coupled in parallel with the second electrical bicycle component. 

CLAIM 46. The apparatus according to claim 45 wherein the power storage device 
comprises a capacitor. 

CLAIM 47. The apparatus according to claim 46 wherein the power stabilizing circuit further 
comprises a diode coupled to prevent reverse current from the capacitor to the power/control circuit. 

CLAIM 48. The apparatus according to claim 28 wherein the first electrical bicycle 
component comprises a CPU that receives the composite signal and is controlled by the control 
signal component of the composite signal. 
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IX. EVIDENCE APPENDIX 

1) U.S. Patent No. 6,047,230 issued to Spencer, et al and entered into the record by the 
examiner in the office action dated June 20, 2006. 

2) U.S. Patent No. 5,247,430 issued to Schwaller and entered into the record by the examiner 
in the office action dated October 5, 2005. 

3) U.S. Patent No. 4,609,982 issued to Gohda and entered into the record by the examiner in 
the office action dated October 5, 2005. 

4) Japanese Patent Publication No. 07-229,909 naming Tomita and entered into the record by 
the examiner in the office action dated December 27, 2006. 

5) U.S. Patent Application Publication No. 2002/0014366 naming Turner and entered into 
the record by the examiner in the office action dated October 5, 2005. 
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L57J ABSTRACT 

A gear shifting system for a hum an -powered chain- or 
belt-driven vehicle includes a wheel speed sensor, a cadence 
sensor, a gear changer position sensor, a tension sensor, a 
clinometer, a controller and a gear changer actuator. The 
wheel speed sensor senses a speed of a wheel, while the 
cadence sensor senses a drive rate that a torque drive 
member drives a torque-transmitting member. The gear 
changer position sensor senses a position of a gear changer 
that positions the torque-transmitting member with respect 
to a plurality of gears. The tension sensor senses a tension of 
the torque-transmitting member that is transmitting a torque 
applied to the torque -transmitting drive member to a gear. 
The clinometer senses an inclination of the vehicle. The 
controller generates a control signal based on the sensed 
wheel speed, the sensed torque-member drive rate, the 
sensed torque -transmitting member tension, the sensed 
vehicle inclination and the sensed gear changer position. The 
gear changer actuator is coupled to the gear changer and 
moves the gear changer in response to the control signal by 
positioning the torque-transmitting member with respect to 
the plurality of gears. 
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AUTOMATIC BICYCLE TRANSMISSION 

CROSS-REFERENCE TO PROVISIONAL 
APPLICATION 

The present application is related to provisional applica- 5 
tion 60/012,377, entitled "A COMPUTER CONTROLLED 
AUTOMATIC TRANSMISSION SYSTEM FOR A 
BICYCLE," filed Feb. 27, 1996, and which is incorporated 
by reference herein. 

10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a transmission system for 
a human-powered vehicle. More particularly, the present 15 
invention relates to an automatic transmission system for a 
human-powered vehicle, such as a bicycle. 

2. Description of the Related Art 

Human-powered vehicles, such as bicycles, are usually 
equipped with multi-geared transmission systems that are 20 
shifted between incremental gear ratios for making changes 
in torque applied to the rear wheel, thus providing a vehicle 
operator with a plurality of possibilities for achieving a 
desired pedalling cadence and riding speed. The need for 
multi-geared transmission systems for bicycles and other 25 
human-powered vehicles arises from a variety of riding 
environments combined with different riding styles. For 
example, a racer tackles hills in a much different way than 
a rider out for an afternoon tour or a bicycle commuter on 
the way to work. 30 

While some cyclists prefer manually shifting bicycles 
transmissions, other cyclists are concerned only with expe- 
riencing an enjoyable ride and do not want the burden of 
gear shifting decisions and manipulations. The latter type of 
cyclist, and those cyclists who have not learned how to shift 35 
properly, may easily cause damage to a bicycle and its 
transmission. More importantly, the ride experience for 
these types of cyclist turns out to be rough and uncomfort- 
able. 

A variety of shifting systems, some including program- 40 
mablc microprocessors, have been developed for addressing 
these problems. For example, U.S. Pat. No. 5,261,858 to 
Browning discloses a shifting system that does not allow 
shifting when a cyclist is not pedaling. The Browning 
system has the disadvantage that after a cyclist coasts to a 45 
quick stop, the transmission may be left in a high gear ratio. 
Since the system does not allow shifting when the cyclist is 
coasting, it is difficult for the cyclist to resume pedaling. 

U.S. Pat. No. 5,213,548 to Colbert discloses a shifting 5Q 
device that has a limited number of inputs to the microcon- 
troller of the device. Shifting decisions are made on wheel 
speed and cadence alone without the benefit of any other 
relevant information, when in reality, upcoming terrain has 
a large impact upon a cyclist's shifting decisions. 55 

U.S. Pat. No. 5,356,348 to Bellio discloses a system that 
provides a constant cadence function, but requires a cyclist 
to choose from a preset, unchangeable range of cadence 
values that, once set, are not conveniently changed. 

U.S. Pat. No. 5,254,044 to Anderson discloses a system 60 
that relies upon a timed actuation of multiple switches for 
successfully programming the system. A cyclist may 
become frustrated with the operation of the device and may 
decide to stop using it altogether. 

Although prior systems are reliable and effective in many 65 
respects, they offer limited flexibility and provide operating 
modes having few features. What is needed is a bicycle 



2 

transmission system that adapts to the style of a cyclist 
instead of the forcing of the cyclist to adjust to the system; 
that utilizes information related to the riding environment 
and the cyclist's conditioning in making shifting decisions; 
that is easier to use than existing systems; and that is more 
effective than previous systems for increasing a cyclist's 
efficiency and safety. 

SUMMARY OF THE INVENTION 

The present invention provides a bicycle transmission 
system that adapts to the style of a cyclist instead of using 
a shifting algorithm that predefines shifting decision points 
and requires the cyclist to adapt to the shifting decision 
points. The present invention learns a cyclist's riding style 
and sets up shifting decision points based on the cyclist's 
style. By manually shifting the transmission over a typical 
riding course, the system records operating parameters asso- 
ciated with a set of desired shifting decision points, and then 
automatically shifts gears when similar situations are again 
encountered. 

The present invention incorporates artificial intelligence 
for supplementing human intellectual abilities and uses a 
variety of information regarding the operating environment 
for automatically shifting a multi-geared variable transmis- 
sion. Instead of requiring a rider to mentally recognize that 
the rate the rider is pedalling is too hard or too fast, the 
present invention recognizes such conditions and makes 
appropriate gears shifts making cycling more efficient. Thus, 
a ride becomes more enjoyable and, combined with the ease 
of use of the present invention, a cyclist is encouraged to ride 
more often. 

A ratcheting front chain ring allows shifting to occur 
whenever the bicycle is in motion, providing significant 
improvement over conventional constant cadence systems 
that require a cyclist to pedal the crank for the system to 
shift. The present invention allows a cyclist to resume 
pedaling, even after coasting to a stop, without waiting for 
the shifting system of the present invention to readjust itself. 
In this way, the rider is provided with a confident, quick start 
from a traffic light, stop sign, or after a sudden emergency 
stop. 

Since most ride displeasure for a rider and the most harm 
to a bicycle transmission is caused when the transmission 
shifts while the chain is under heavy tension, the present 
invention prevents such a situation from occurring. The 
amount of tension on the chain preventing a shift is deter- 
mined by the cyclist so that the present invention can be 
customized to the style of the cyclist. 

A microcontroller selectively considers information such 
as information relating to wheel speed, cadence rate, chain 
tension, cyclist effort and cyclist heart rate when making 
shifting decisions. In addition to customized automatic 
modes of operation in which shifting decisions are selec- 
tively based on constant cadence, constant (pedalling) force 
or exponential acceleration, a fully manual mode of opera- 
tion and a full manual override for each automatic mode can 
be selected by a cyclist. 

The present invention can be easily incorporated into 
bicvele frames and transmission, or retrofitted into existing 
frame and transmission designs. The present invention pro- 
vides an effective technique for improving cycling 
efficiency, while minimizing additional mechanical compo- 
nents that adversely impact system weight and complexity. 

The advantages of the present invention are provided by 
a gear shifting system for a human-powered chain- or 
belt-driven vehicle, such as a bicycle. The gear shifting 
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system includes a wheel speed sensor, a cadence sensor, a 
gear changer position sensor, a tension sensor, a clinometer, 
a controller and a gear changer actuator. The wheel speed 
sensor senses a speed of a wheel of a human-powered 
vehicle, while the cadence sensor senses a drive rate that a 
torque drive member of the vehicle drives a torque - 
transmitting member the vehicle, such as a rate of rotation 
of a crank of a bicycle. The gear changer position sensor 
senses a position of a gear changer of the vehicle, such as a 
derailleur or a multi-speed hub gear changer, with the gear 
changer positioning the torque -transmitting member, such as 
a chain or a belt, with respect to a plurality of gears of the 
vehicle. The tension sensor senses a tension of the torque - 
transmitting member that is transmitting a torque from the 
torque drive member to a gear of the plurality of gears. The 
clinometer senses an inclination of the vehicle. The control- 
ler generates a control signal based on the sensed wheel 
speed, the sensed drive rate, the sensed tension of the 
torque-transmitting member, the sensed vehicle inclination, 
the sensed gear changer position. The gear changer actuator 
is coupled to the gear changer and positions the gear changer 
with respect to the plurality of gears in response to the 
control signal. 

The controller is inhibited from generating the control 
signal when the speed of the wheel is increasing and the 
tension of the torque -transmitting member is determined to 
be greater than a predetermined tension. The gear shifting 
system further includes a shift-down switch and a shift-up 
switch. Accordingly, the controller is responsive to actuation 
of the shift -down switch by generating the shift-down 
signal, and is responsive to actuation of the shift-up switch 
by generating the shift -up signal. A display device can be 
used for displaying at least one of a speed related to the 
sensed wheel speed, the sensed drive rate, and an indication 
of the sensed gear changer position with respect to the 
plurality of gears. The controller can also be configured for 
generating the control signal based further on an effort of a 
user of the vehicle, with the effort being proportional to an 
average sensed tension of the torque -transmitting member 
during a predetermined period of time, such as one crank 
revolution. 

Preferably, the control signal includes a shift-down signal 
and a shift-up signal. The gear changer actuator moves the 
gear changer in response to the shift-down signal for 
decreasing a gear ratio of the vehicle, and moves the gear 
changer in response to the shift-up signal for increasing the 
gear ratio of the vehicle. According to the invention, a 
Boolean value of chain tension is determined based on a 
comparison of the sensed wheel speed and the sensed drive 
rate. Alternatively, the sensed tension of the torque- 
transmitting member is determined by comparing a product 
of a current gear ratio and the sensed wheel speed to the 
sensed drive rale. 

A heart rate monitor can be used for sensing a heart rate 
of a user of the vehicle, in which case the controller 
generates the control signal further based on the sensed heart 
rate of the user. When the sensed user heart rate is less than 
a first predetermined heart rate, the controller generates a 
shift -up signal, and when the sensed user heart rate is greater 
than a second predetermined heart rate, the controller gen- 
erates a shift-down signal. Preferably, the second predeter- 
mined heart rate is greater than the first predetermined heart 
rate. According to the invention, a target heart rate is stored 
in a memory. The first predetermined heart rate is less than 
the target heart rate by a predetermined difference and the 
second predetermined heart rate is greater than the target 
heart rate by the predetermined difference. 
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When the sensed drive rate is less than a first predeter- 
mined drive rate, the controller is enabled for generating a 
shift-down signal, and when the sensed drive rate is greater 
than a second predetermined drive rate, the controller is 
enabled for generating a shift-up signal. Preferably, the 
second predetermined drive rate is greater than the first 
predetermined drive rate. 

According to another aspect of the invention, a gear 
shifting system for a human-powered vehicle, such as a 
bicycle, includes a tension sensor, a controller, and a gear 
changer actuator. The tension sensor senses a tension of a 
torque-transmitting member of the human-powered vehicle. 
The torque-transmitting member transmits a torque applied 
to a torque drive member of the vehicle to a gear of a 
plurality of gears. The controller generates a control signal 
based on the sensed tension of the torque -transmitting 
member. The gear changer actuator is coupled to a gear 
changer of the vehicle and moves the gear changer in 
response to the shift control signal and repositions the 
torque-transmitting member with respect to the plurality of 
gears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example 
and not limitation in the accompanying Figures in which like 
reference numerals indicate similar elements, and in which: 

FIG. 1 shows an exemplary bicycle equipped with an 
automatic transmission system according to the present 
invention; 

FIG. 2 shows a schematic functional block diagram of an 
automatic transmission system according to the present 
invention; 

FIG. 3 shows a side conceptual view of a derailleur 
mechanism according to the present invention; 

FIG. 4 shows a bottom conceptual view of a derailleur 
mechanism according to the present invention; 

FIG. 5A shows a top view of a derailleur mechanism in 
relation to a bicycle fixed gear set according to the present 
invention; 

FIG. 5B shows a side view of a derailleur mechanism in 
relation to a bicycle fixed gear set according to the present 
invention; 

FIG. 6 shows a chain tension sensor according to the 
present invention; 

FIG. 7 shows a ratcheting front crank according to the 
present invention; 

FIG. 8 is a bottom view of a bottom bracket portion of a 
bicycle showing the physical relationship of the crank 
sensors according to the present invention; 

FIG. 9 is a cross-sectional view along line A — A in FIG. 
8 showing the physical relationship of the crank sensors 
according to the present invention. 

FIG. 10 is a schematic block diagram of the processor 
circuit of the present invention; 

FIG. 11 is a schematic diagram showing connections for 
a display connector according to the present invention; 

FIG. 12 is a schematic diagram for a power supply circuit 
according to the present invention; 

FIG. 13A shows a schematic diagram for a motor drive 
according to the present invention; 

FIG. 13B shows a schematic diagram for a derailleur 
position switch sensor circuit according to the present inven- 
tion; 

FIG. 14 shows a schematic block diagram for a display 
and keyboard circuit according to the present invention; 
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FIG. 15 shows a schematic diagram for a magnetic pickup 
signal interface circuit according to the present invention; 

FIG. 16 shows a system functional block diagram accord- 
ing to the present invention; 

FIG. 17 shows a schematic block diagram for the hard- 5 
ware interface according to the present invention; 

FIG. 18 shows a functional block diagram of the software 
modules of the present invention; 

FIG. 19 shows a functional block diagram for the deri- 10 
vation module of the present invention; 

FIG. 20 shows a functional block diagram for the algo- 
rithm module of the present invention; 

FIG. 21 shows a flow diagram for the manual shift module 
of the algorithm module of the present invention; 15 

FIG. 22 shows a flow diagram for the constant cadence 
module of the algorithm module according to the present 
invention; 

FIG. 23 shows a flow diagram for the inhibit module of 2Q 
the present invention; 

FIG. 24A shows a flow diagram for the logic module of 
the ratio control module of the present invention; 

FIG. 24B shows a flow diagram for the actuate module of 
the ratio control module of the present invention; and 25 

FIGS. 25, 26 and 27 show an exemplary flow diagram for 
the main user interface service loop according to the present 
invention. 

DETAILED DESCRIPTION OF THE 30 
PREFERRED EMBODIMENTS 

FIG. 1 shows an exemplary bicycle 10 equipped with an 
automatic transmission system according to the present 
invention. While FIG. 1 shows the present invention adapted 35 
for operation with a bicycle, it should be understood that the 
present invention can also be used with other forms of 
human-powered chain- or belt-driven vehicles. Bicycle 10 
includes a front wheel 11, a rear wheel 12, a crank or 
chainwheel 13, a chain 14, pedals 15A and 15B, a front 4Q 
dcraillcur 16, a rear dcraillcur 17 and a gear set 18. 

Bicycle 10 is propelled in a well-known manner by 
applying a force to the pedals so that chain 14 acts as a 
torque-transmitting member by transmitting a torque gener- 
ated at crank 13, which acts as a torque drive member, to rear 45 
wheel 12. Crank 13 includes at least one chainring, with 
each having a different number of teeth. For example, crank 

13 has 2 chainrings, with one chainring having 52 teeth and 
the other chainring having 42 teeth. Gear set 18 includes a 
plurality of cogs that each have a different number of teeth. 50 
For example, gear set 18 has 6 cogs respectively having 13, 
15, 17, 19, 21 and 23 teeth. Preferably, gear set 18 is a set 

of fixed cops, that is, gear set 18 does not freewheel. Chain 

14 engages one of the chainrings and one of the cogs of gear 
set 18 in a well-known closed-loop manner. Derailleurs 16 55 
and 17 are used for positioning chain 14 on a selected 
chainring and a cog of gear set 18, respectively. 

Many cyclists desire to pedal a bicycle at a constant 
cadence, that is, at a constant rate of rotation of crank 13, or 
within a narrow range of cadences. Other cyclists may want 60 
a different riding parameter to take priority, such as riding at 
a nearly constant speed, or at a nearly constant heart rate. 
Selection of an appropriate chainring and a rear cog deter- 
mines a suitable gear ratio for a particular riding condition 
and for achieving a desired riding parameter. Gear ratio for 65 
purposes of the present disclosure is defined as the number 
of revolutions of rear wheel 12 for each revolution of crank 
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13. For example, the plurality of chainrings and rear cogs 
provides bicycle 10 with gear ratios ranging from 1.83 when 
chain 14 engages the 42-tooth chainring and the 23-tooth 
fixed cog, to 4.00 when the 52-tooth chainring and the 
13-tooth rear cog are selected. 

The present invention automatically selects a gear ratio 
based on detected riding conditions for achieving any one of 
a number of desired riding parameters. For example, if 
constant cadence is the desired riding parameter, the 
detected riding conditions are evaluated for automatically 
shifting to a suitable gear ratio lor achieving a constant 
pedalling cadence. If constant torque (as manifested by 
constant effort) is the desired riding parameter, then bicycle 

10 is automatically shifted to a gear ratio for achieving the 
desired torque. Similarly, if constant heart rate is desired, 
then the present invention automatically shifts bicycle 10 to 
an appropriate gear ratio for achieving the desired heart rate. 

FIG. 2 shows a schematic functional block diagram of an 
automatic transmission system 20 according to the present 
invention. System 20 includes a controller 21, a memory 22, 
a wheel speed sensor 23, a cadence sensor 24, a front 
derailleur position sensor 25, a rear derailleur position 
sensor 26, a chain tension sensor 27, a clinometer 28, a 
shifter motor 29, a power supply 30, a display 31, a shift-up 
switch 32 and a shift-down switch 33. FIG. 1 shows pre- 
ferred locations for the components comprising automatic 
transmission system 20. 

Controller 21 preferably is a readily available microcon- 
troller having a suitable operating performance for providing 
the functions of the present invention. Controller 21 can 
physically include memory 22 or memory 22 can be physi- 
cally separate from controller 21, as indicated in FIG. 2. 
Memory 22 includes a non-volatile memory (ROM) portion 
22A, such as a read only memory (ROM) and/or an elec- 
tronically alterable read only memory (EAROM), and a 
random access memory (RAM) portion 22B. Non-volatile 
memory portion 22A stores the program that controller 21 
uses for determining whether a gear ratio shift is required. 
Non-volatile memory portion 23A also stores default oper- 
ating parameters use for determining gear shift points and 
for storing bicycle characteristics and user characteristics 
that are input by a user. 

Wheel speed sensor 23 senses the speed of rear wheel 12 
by sensing each occurrence of magnet M passing sensor 23. 
Sensor 23 can also be positioned for sensing the speed of 
front wheel 11 with magnet M being attached to front wheel 

11 accordingly. Cadence sensor 24 senses the drive rate of 
crank 13, that is, the rate of rotation of crank 13. Front 
derailleur position sensor 25 senses the position of front 
derailleur 16. Similarly, rear derailleur position sensor 26 
senses the position of rear derailleur 17 with respect to the 
plurality of gears of gear set 18. Chain tension sensor 27 
(FIG. 6) senses the tension of chain 14. 

Clinometer 28, such as a plumb bob or capacitive 
clinometer, senses an inclination or pitch of the bicycle. 
Plumb bob-type clinometers include a weight on an arm that 
is connected to a variable resistor. Capacitive-type clinom- 
eters having a semiconductive fluid and air bubble posi- 
tioned between 2 semispheres. The top sphere is etched with 
four metal triangular sections and the bottom is completely 
metalized. The capacitance between each of the triangles 
and the bottom varies as the bubble moves responding to the 
tilt of the clinometer. The output of clinometer 28 is con- 
verted to a usable signal, such as a PWM signal or a linear 
DC signal. 

Controller 21 generates shift control signals that are based 
on the sensed wheel speed, the sensed crank rotation rate, the 
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sensed chain tension, the sensed bicycle inclination and 
sensed (front and rear) derailleur positions. A shifter motor 
29 is coupled to rear derailleur 17, and is responsive to a 
shift control signal by moving derailleur 17 for repositioning 
chain 14 with respect to the plurality of gears of gear set 18. 
Similarly, a shifter motor is coupled to front derailleur 16 for 
repositioning chain 14 with respect to the plurality of 
chainrings of crank 13. 

FIGS. 3, 4, 5A and 5B show different views of a rear 
derailleur mechanism 17 according to the present invention. 
FIG. 3 shows a side conceptual view and FIG. 4 shows a 
bottom conceptual view of rear derailleur mechanism 17. 
FIG. 5A shows a top view and FIG. 5B shows a side view 
of rear derailleur mechanism 17 in relation to gear set 18. 

In FIGS. 3 and 4, rear derailleur mechanism 17 is shown 
mounted to the bicycle frame at the rear wheel hub 30. 
Derailleur 17 includes a derailleur parallelogram 31 and an 
idler gear bracket 32 on which idler gears 33 and 34 are 
rotatably mounted. Pivot devices 35, 36, 44 and 45 allow 
derailleur parallelogram 31 and idler gear bracket 32 to 
operate so that idler gears 33 and 34 take up slack in chain 
14 in a well-known manner as derailleur mechanism 17 is 
shifted through different gear ratios. A motor 37 is attached 
to derailleur 17 at an outer corner of parallelogram 31. 
Motor 37 includes a shaft 38 on which a gear 39 is fastened. 
Gear 39 drives a gear 40 which is attached to one end of a 
shaft 41. At the end of shaft 41 opposite gear 40, shaft 41 has 
a threaded portion that is threaded through a threaded 
member 42. Threaded member 42 is securely fastened to a 
corner of derailleur parallelogram 31 that is diametrically 
opposite the corner to which motor 37 is attached. A linear 
potentiometer 43 is aligned with shaft 41 and is used for 
sensing the relative position of motor and, hence, the rear 
cog that chain 14 is engaging. 

A standard front derailleur 16 is adapted to work with the 
present invention by using a motor and a lead screw arrange- 
ment that functionally replaces the action of conventional 
front derailleur cable and which is configured similarly to 
the motor and lead screw arrangement used for rear 
derailleur 17. Front derailleur position sensor 25 is a linear 
potentiometer that is used in a similar manner as linear 
potentiometer 43. 

FIG. 6 shows a chain tension sensor 60 according to the 
present invention. Chain tension sensor 60 includes a 
mounting surface 61 on which fixed sprockets 62 and 63 are 
rotatably mounted. Moving sprocket 64 is attached to 
mounting surface 61 through member 65 so that sprocket 64 
moves parallel to a plane formed by surface 61 against a 
force provided by spring 66. Member 65 is coupled to a 
linear potentiometer 64 so that an arm 67 makes an electrical 
contact with linear potentiometer 64. Chain 14 is threaded 
between sprockets 62, 63 and 64 so that as the tension of 
chain 14 varies, sprocket 64 moves against the force of 
spring 66 and changing the location of where arm 67 makes 
the electrical contact with potentiometer 64. The relative 
position of arm 67 as it contacts potentiometer 64 is sensed 
and is proportional to the tension of chain 14. 

FIG. 7 shows a ratcheting front crank 13 according to the 
present invention. Ratcheting front crank 13 includes at least 
one chainring 71 having teeth (not shown). Chain 14 
engages the teeth in a well-known manner for transferring a 
torque applied to front crank 13 via arms 13 A (FIG. 8) and 
13C to rear wheel 12. Front crank 13 also includes a 
freewheel mechanism 72 so that chainring 71 can continue 
to rotate when the bicycle is in motion and the rider is not 
pedalling. This action permits the present invention to shift 
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while the rider is not pedalling because the chain is in 
motion whenever the bicycle is moving. 

FIG. 8 is a bottom view of a bottom bracket portion of a 
bicycle showing the physical relationship of cadence sensor 
24 (FIG. 2) to crank 13. FIG. 9 is a cross-sectional view 
along line A — A in FIG. 8 showing another view of the 
physical relationship of the crank sensors. FIGS. 8 and 9 
show a sensor disk 80 mounted to crank arm 13 Ausing a clip 
pin 83 so that as bicycle 10 is pedalled, sensor disk 80 rotates 
uniformly around the rotational axis of crank axle 13B. 
Sensor disk 80 includes a plurality of magnetic regions 81 
that are regularly spaced around the outer edge of disk 80. 
A sensor 82 is mounted to bicycle 10 so that sensor 82 
detects magnetic regions 81 as magnetic regions 81 rotate 
around the rotational axis of crank axle 13B. Sensor 82 
includes two magnetic sensors, such as Hall effect sensors or 
coils of wire, that are arranged for detecting the rotation of 
crank 13. Sensor 82 is connected to controller 20 through 
wires 84, of which only a portion of wires 84 are shown in 
FIG. 9. 

FIGS. 10-15 show schematic block diagrams of control- 
ler 20. The circuits shown in FIGS. 10-15 operate in a 
well-known manner. FIG. 10 is a schematic block diagram 
of the processor circuit portion 100 of controller 20. Micro- 
processor 101 corresponds to controller 21 of FIG. 2, and is 
preferably a suitable single chip micro -controller. Micropro- 
cessor 101 is connected to bus drivers 102, 103 and 104. Bus 
drivers 102, 103 and 104 are each preferably 74LS244 bus 
drivers. FIG. 11 is a schematic diagram showing connections 
for a display connector PI. FIG. 12 is a schematic diagram 
for a power supply circuit portion 120 of controller 20. FIG. 
13A shows a schematic diagram for a motor drive circuit 
portion 130. FIG. 13B shows a schematic diagram for a 
derailleur position sensor circuit portion 135. Derailleur 
sensor circuit 135 corresponds to rear derailleur position 
sensor 26, shown in FIG. 2. FIG. 14 shows a schematic 
block diagram for a display and keyboard circuit portion 140 
of controller 20. 

FIG. 15 shows a schematic diagram for a magnetic pickup 
signal interface circuit portion of controller 20, correspond- 
ing to wheel speed sensor 27 shown in FIG. 2. Circuit 151 
is a magnetic pickup circuit for sensing speed of a wheel. 
Sensor LI, such as a Hall effect sensor or a coil of wire, is 
preferably mounted to bicycle 10 for sensing the speed of 
rear wheel 12 by sensing a magnet M attached to rear wheel 
12. Sensor LI can also be mounted to bicycle 10 for sensing 
the speed of front wheel 11. While only one magnet M (FIG. 
1) is shown attached to wheel 12, any suitable number of 
magnets can be attached to wheel 12 and sensed by sensor 
LI. Amplifier U12A, preferably an LM358, amplifies wheel 
speed signals picked up by sensor LI. One input of an 
amplifier U12B, which is also preferably an LM358, is 
connected to the output of amplifier U12A. The other input 
to amplifier U12B is connected to a threshold setting poten- 
tiometer R13. Amplifier U12B is configured as a comparator 
so that when the output of amplifier U12Ais greater than a 
threshold level set by potentiometer R13, amplifier U12B 
outputs a pulse signal that is applied to one input of NOR 
gate U11A. The other input of NOR gate U11A is connected 
to ground. NOR gate U11A outputs the wheel sense signal 
WHLSEN. 

Magnetic pickup circuits 152 and 153 (sensor 82 in FIGS. 
8 and 9) for sensing rotation of crank 13 are configured the 
same as magnetic pickup circuit 151, but only a single NOR 
gate U11B is used for generating the crank sensor signal 
CNKSLN. Magnetic pickup circuits 152 and 153 correspond 
to cadence sensor 24. 
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FIG. 16 shows a system functional block diagram 160 of 
the present invention. The present invention includes a user 
interface portion 161, a software portion 162 and a hardware 
portion 163. When a heart rate monitor is used, the present 
invention includes a heart rate system 164. 

The user interface portion 161 provides an interface for 
inputting bicycle characteristics, user characteristics and 
dynamic user inputs. Bicycle characteristics include such 
characteristics as wheel diameter, gear ratios, gear positions 
and chain tension allowed. User characteristics include, for 
example, target cadence, a shifting algorithm selection, 
target heart rate (when a heart rate monitor is used), and 
cadence hysteresis. Dynamic user inputs that are provided 
through the user interface portion 161 are shift -up now, 
shift-down now and setup mode inputs. 

Hardware portion 163 generates mechanical information, 
such as derailleur position information, wheel interrupt 
signals, cadence interrupt signals, clinometer signals and 
chain tension signals for input to the software portion 162. 
The software portion 162 uses the inputs from the user 
interface portion 161 and from the hardware portion 163 for 
generating a derailleur actuator signal. When a heart rate 
monitor is used, heart rate monitor system 164 generates 
heart rate monitor signals that are input to the software 
portion 162. 

Heart rate monitor system 164 includes a sensor that is 
worn by a rider and produces a pulse signal, such as an RF 
pulse signal, at a frequency that is proportional to the heart 
rate of the rider. The frequency rate of the pulses are counted 
by controller 21 in a well-known manner and compared to 
two set points providing hysteresis around a target heart rate. 
The present invention adjusts the target heart rate over time 
to account for warm-up and cool-down intervals. 

FIG. 17 shows a schematic block diagram for the hard- 
ware interface 163 according to the present invention. The 
hardware interface system includes an actuator system 171 
having an actuator 172 and a derailleur position sensor 173. 
Actuator 172 receives the actuator signal generated by 
software portion 162. Derailleur position sensor 173 gener- 
ates the derailleur position sensor that is used by software 
portion 162. Wheel sensor system 174 generates wheel 
interrupt signal WHLSEN (FIG. 15). Cadence sensor system 
175 generates cadence interrupt signal CNKSEN (FIG. 15). 
Clinometer sensor system 176 generates the clinometer 
signal and tension sensor system 177 generates the chain 
tension signal. 

FIG. 18 shows a functional block diagram of the software 
modules that form of the software portion 162 of the present 
invention. A derivation module 181 receives the mechanical 
information generated by the hardware portion 163 and 
generates operating variables such as speed, pitch, tension, 
cadence, acceleration and effort. An algorithm module 182 
receives the operating variables generated by derivation 
module 181, user characteristic inputs and dynamic user 
characteristic inputs and generates ratio -up, ratio -down and 
force shifting signals. An inhibit module 183 uses the speed 
and tension operating variables generated by derivation 
module 181, the dynamic user input setup mode and the 
force shifting signal generated by algorithm module 182 for 
determining whether shifting should be inhibited and gen- 
erates an inhibit signal accordingly. Lastly, a ratio control 
module 184 using the inhibit signal generated by inhibit 
module 183, the ratio-up and ratio-down signals generated 
by algorithm module 182, the derailleur position informa- 
tion generated by hardware portion 163, and gear position 
information input as a bicycle characteristic for generating 
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an actuator signal and current ratio signal. The actuator 
signal is used for actuating a gear shift. The current ratio 
signal is input to algorithm module 182. 

FIG. 19 shows a functional block diagram for derivation 
module 181. Derivation module 181 uses the wheel interrupt 
signal for generating a speed signal as: 



Speed = 



n * (wheel diameter) * k± 



(1) 



(iRQs/rev) * (time /IRQ)* (time/ clock pulse) 



where wheel diameter is the diameter of the wheel, k 2 is the 
number of magnets attached to rear wheel 12 for sensing 
wheel speed, IRQs/rev is the number of wheel interrupt 
signals occurring for each wheel revolution, time/IRQ is the 
amount of time occurring between each wheel interrupt, and 
time/clock pulse is the amount of time occurring between 
each clock pulse. 

Cadence is generated using the cadence interrupt signal 
CNKSEN as: " 



Cadence - 



(2) 



(interrupts/ rev) * (time / interrupt) 



where k 2 is the number of magnets used on sensor disk 80 
for sensing cadence. 

Acceleration is generated based on the wheel interrupt 
signal as: 



Acceleration = 



o 

E 

i=Timel 



Timci — Timci-i 



(3) 



where S i _ 1 and S; are the speed of the bicycle at the previous 
measurement point and the current measurement point, 
respectively. The summation of Equation (3) is made over 
the time interval of the last n wheel rotations. The variable 
n defines the size of a sliding window that is used for 
averaging out noise. 

Chain tension is generated based on the chain tension 
signal using: 



= Z 



Tension; 



(4) 



i=l'imel 



Time; - Time-,-\ 



where r \im& 1 is the time for one revolution of crank 13. 

Bicycle pitch is determined based on the clinometer signal 
and the acceleration signal as: 

Pitch=Clinosig-sin _1 (K 3 'Acceleration) (5) 

where, Clinosig is the clinometer signal, and K 3 is an 
empirically determined compensation factor included for 
reflecting the mass (or fluid) inertia of the clinometer. 
Effort is generated based on the chain tension signal as: 

Effort=(Tension raflX -Tension m2 .„)| r ^ ei (6) 

where, Tension is the maximum chain tension and Ten- 
sion min is the minimum chain tension measured during time 
period Time^ for one revolution of crank 13. 

FIG. 20 shows a functional block diagram for algorithm 
module 182. Algorithm module 182 includes a manual shift 
module portion 201, a constant cadence module portion 202 
and an automatic module portion 203 providing artificial 
intelligence. 
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FIG. 21 shows a flow diagram for the manual shift module 
portion 201. Module 201 is entered at 2101. At 2102, it is 
determined whether the shifting algorithm for a manual shift 
mode of operation has been selected by the user based on the 
shifting algorithm input. If not, the module is exited at 2107. 5 
If so, flow continues to 2103 where it is determined whether 
a shift-up now input has occurred. If so, at 2104 a ratio-up 
signal is sent to ratio control module 184, and module 201 
is exited at 2107. If not, flow continues to 2105, where it is 
determined whether the user has entered a shift-down now 10 
command. If so, at 2106 a ratio-down signal is sent to ratio 
control module 184, and module 201 is exited at 2107. If not, 
module 201 is exited at 2107 

FIG. 22 shows a flow diagram for constant cadence 
module portion 202. Module 202 are entered at 2201. At 15 
2202, it is determined whether the shifting algorithm for a 
constant cadence mode of operation has been selected by a 
user based on the shifting algorithm input. If not, module 
202 is exited at 2221. 

If the constant cadence shifting algorithm has been 20 
selected, flow continues to 2203 where it is determined 
whether the user has entered a manual shift-up now com- 
mand. If a manual shift -up now command has been entered, 
flow continues to 2204 where a ratio-up output signal is 
generated and sent to ratio control module 184. Flow con- 25 
tinues to 2205 where an "up now" flag is set. Module 202 is 
then exited at 2221. 

If no manual shift -up now command has been entered, it 
is determined at 2206 whether a manual shift-down now 
command has been entered. If so, flow continues to 2207 30 
where a ratio -down output signal is generated and sent to 
ratio control module 184. Flow continues to 2208 where a 
"down now" flag is set. Module 202 is then exited at 2221. 

If no manual shift-down now command has been entered, 
flow continues to 2209 where it is determined whether an 35 
"up now" flag is set. If the "up now" flag is set, flow 
continues to 2210 where it is determined whether the 
cadence equals the target cadence. If not, the module is 
exited at 2221. If so, flow continues to 2211, where the "up 
now" flag is cleared. Flow continues to 2212. 40 

If the "up now" flag is not set at 2208, flow continues to 
2212, where it is determined whether the "down now" flag 
is set. If the "down now" flag is set, flow continues to 2213 
where it is determined whether the cadence equals the target 
cadence. If the cadence does not equal the target cadence, 45 
module 202 is exited at 2221. If yes, flow continues to 2214, 
where the "down now" flag is cleared. Flow continues to 
2216 

At 2216, it is determined whether the cadence is greater 
than a target cadence based on inputs from 2215. At 2215, 50 
the target cadence used at 2216 is determined based on the 
target cadence input by the user, a cadence hysteresis, 
acceleration and effort values. If the cadence is greater than 
the target cadence, a ratio-up signal is sent to ratio control 
module 184 at 2216, and module 202 is exited at 2221. If 55 
not, flow continues to 2217, where it is determined whether 
cadence is greater than the target cadence based on inputs 
from 2218. At 2218, the target cadence is determined based 
on the target cadence input by the user, the cadence 
hysteresis, acceleration and effort values. If so, a ratio -down 60 
signal is sent to ratio control module 184 at 2230, and 
module 202 is exited at 2221. 

Automatic module portion 203 allows controller 21 to 
supplement human intellectual abilities. That is, instead of 
requiring a rider to mentally recognize that the rider is 65 
pedaling too hard or too fast, for example, automatic module 
portion 203 recognizes these kinds of conditions and makes 



12 

appropriate decisions. Inputs that are relatively more impor- 
tant are recognized in a continually changing situation, and 
shifting decisions are made accordingly. The artificial intel- 
ligence feature of the present invention includes two aspects: 
parameters that are periodically stored in non-volatile 
memory, and decision making capability based on a plurality 
of conflicting inputs. 

The artificial intelligence of the present invention uses a 
fuzzy rule-based system and can include neural networks to 
form an adaptive expert system. Preferably, the fuzzy rule- 
based system translates human experience directly into a 
programmable format instead of a computationally slow, 
statistical model. For example, instead of shifting when a 
rider's cadence exceeds 73.84 rpm exactly, controller 21 
issues a shift decision when the rider is pedalling "too fast". 
Consider the problem of deciding how to increase a gear 
ratio after a rider crests the top of a hill. According to the 
invention, the appropriate decision making rule is formu- 
lated as: IF the cyclist's effort is decreasing rapidly AND the 
inclination angle is decreasing, THEN shift up a gear. 
"Rapidly decreasing effort" and "decreasing inclination 
angle" are fuzzy sets. The extent that each set is fulfilled is 
evaluated based on the effort and clinometer measurements. 
If the rider's efforts and vehicle inclination angle fall 
strongly within the "rapidly decreasing effort" and the 
"decreasing inclination angle", respectively, then a shifting 
decision is performed. 

FIG. 23 shows a flow diagram for inhibit module 183. The 
module is entered at 2301 and at 2302 it is determined 
whether the speed is less than a minimum threshold value. 
If so, module 183 is exited at 2307 with an inhibit signal 
being sent to ratio control module 184. If the speed is not 
less than a minimum threshold, flow continues to 2303 
where it is determined whether the setup mode is active. If 
so, module 183 is exited at 2307 with an inhibit signal being 
sent to ratio control module 184. If not, flow continues to 
2304 where it is determined whether shifting should be 
forced. If so, the module is exited at 2306 without an inhibit 
signal being generated. If not, flow continues to 2305 where 
it is determined whether the chain tension is greater than a 
preset tension threshold. If so, module 183 is exited at 2307 
with an inhibit signal being generated. If not, module 183 is 
exited at 2306 without an inhibit signal being generated. 

FIG. 24A shows a flow diagram for a logic module 2400 
of ratio control module 184. Logic module 2400 is entered 
at 2401 and at 2402 it is determined whether an inhibit signal 
has been sent to ratio control module 184. If so, ratio control 
module 184 is exited at 2409. If not, flow continues to 2403 
where it is determined whether a ratio-up signal has been 
sent. If a ratio-up signal has been sent, flow continues to 
2404 where it is determined whether the internally calcu- 
lated ratio is less that the maximum ratio. Is it is, then flow 
continues to 2405 where the ratio is increased. If not, module 
2400 is exited at 2409. 

If a ratio-up signal has not been sent, flow continues to 
2406 where it is determined whether a ratio-down signal has 
been sent. If no ratio-down signal has been sent, module 
2400 is exited at 2409. If a ratio-down signal has been sent, 
flow continues to 2407 where it is determined whether the 
internally calculated ratio is greater than the minimum ratio. 
If it is, then flow continues to 2408 where the ratio is 
decreased. If not, module 2400 is exited at 2409. 

FIG. 24B shows a flow diagram for the actuate module 
2410 of ratio control module 184. Actuate module 2400 
corresponds to the function of the increase ratio functional 
block 2405 and the decrease ratio functional block 2408 of 
ratio control logic module 184. Actuate module 2410 is 
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entered at 2411. At 2412, it is determined whether the 
current derailleur position information is equal to the inter- 
nally calculated gear position. If it is, actuate module 2410 
is exited at 2416. If not, flow continues to 2413 where it is 
determined whether the derailleur position information is 5 
less than the internally calculated gear position. Is it is, flow 
continues to 2414 where an actuate up signal is generated 
and the current gear value as a result of the actuate-up signal 
is calculated before module 2410 is exited at 2416. If the 
derailleur position information is not less than the internally 10 
calculated gear position, the flow continues to 2415 where 
an actuate -down signal is generated and the current gear 
value as a result of the actuate-down signal is calculated 
before module 2410 is exited at 2416. 

FIGS. 25, 26 and 27 show an exemplary flow diagram of 15 
the main user interface service loop 2500. Interface service 
loop 2500 is entered at 2501 at power on-initialization where 
display 31 is actuated to momentarily display a power 
on/reset message. At 2502, display 31 is cleared. At 2503, 
the set up variables are set to their default settings and 20 
displayed. Display 31 is cleared at 2504. Statistical values 
are calculated for bicycle characteristic inputs and user 
characteristic inputs that are stored in memory at 2505. At 
2506, it is determined whether the bicycle is moving. If not, 
flow continues to 2507 where the system is shutdown for 25 
conserving the battery. 

If the bicycle is moving, a key read module is entered by 
flow continuing to 2508 where it is determined whether the 
up key has been actuated. If yes, flow continues to 2509 
where appropriate data is retrieved from memory for deter- 30 
mining whether a shift should occur at 2510. If a shift should 
occur, the derailleur motor is actuated at 2511, display 31 is 
updated at 2512 and flow continues to 2508. 

If the up key is not actuated at 2508, it is determined 
whether the down key has been actuated at 2513. If it has, 35 
flow continues to 2514 where appropriate data is retrieved 
from memory for determining whether a shift should occur. 
If a shift should occur, the derailleur motor is actuated at 
2515, display 31 is updated at 2516 and flow continues to 
2513. 40 

If the down key has not been actuated 2513, flow con- 
tinues to 2517 where the current gear ratio is returned. At 
2518, it is determined whether the mode key has been 
actuated. If not, flow continues to 2504. If the mode key has 
been actuated, flow continues to 2519 where the up and 45 
down keys are read. At 2520, it is determined whether the up 
key has been actuated. If yes, then the next menu is 
displayed on display 31. Flow continues to 2519. If the up 
key has not been actuated, flow continues to 2522 where it 
is determined whether the down key has been actuated. If so, 50 
the previous menu is displayed on display 31 at 2423 and 
flow continues to 2519. If the down key has not been 
actuated, flow continues to 2514 where it is determined 
whether the enter key has been actuated. If not, flow 
continues to 2519. If the enter key has been actuated, an 55 
object item number is returned at 2525 and at 2526 it is 
determined whether the main menu loop should be exited. If 
yes, flow continues to 2504. If not, flow continues to 2527 
(FIG. 26), where it is determined whether the system setup 
containing information for the bicycle is to be changed. 60 

If the system setup for the bicycle is to be changed, flow 
continues to 2528 where display 31 displays a setup menu. 
If not, flow continues to 2539. From 2528, flow continues to 
2529, where it is determined whether the rear gears are to be 
changed. If yes, flow continues to 2530 where the user is 65 
prompted for inputting information regarding the rear gears, 
and flow continues to 2531. If the rear gear information is 



not to be changed, flow continues to 2531, where it is 
determined whether gear size information is to be entered. 
At 2532, gear size information is entered and flow continues 
to 2533, otherwise flow continues from 2531 to 2533. At 

2533, it is determined whether sizes of front gears is to be 
changed. If not, flow continues to 2535. If the front gear 
information is to be changed, the information is entered at 

2534. Flow then continues to 2535, where it is determined 
whether the wheel diameter information is to be changed. If 
so, the wheel diameter information is entered at 2536, and 
flow continues to 2537. If not, flow continues to 2537, where 
it is determined whether the derailleur mechanism needs to 
be set. If so, flow continues to 2538 where the derailleur 
mechanism is set, and then to 2539. If not, flow continues to 
2539. 

At 2539, it is determined whether the operating mode of 
the system is to be changed. If the operating mode of the 
system is not to be changed, flow continues to 2547. 
Otherwise, flow continues to 2540, where the mode menu is 
displayed. Flow continues to 2541, where it is determined 
whether the automatic mode is to be set. If so, flow continues 
to 2542 where the automatic mode is set. Flow then con- 
tinues to 2543. If the automatic mode is not to be set, flow 
continues to 2543, where it is determined whether the 
semi-automatic mode of operation is to be set. The semi- 
automatic mode of operation is a manual override of current 
automatically-determined parameters. The semi-automatic 
mode of operation is exited when sensors indicate that a 
higher or lower shiftpoint has been reached. If the semi- 
automatic mode of operation is to be set, flow continues to 
2544 where the semi-automatic mode is set. Flow then 
continues to 2545. If the semi-automatic mode is not to be 
set, flow continues from 2543 to 2545. At 2545, it is 
determined whether the manual mode of operation is to be 
set. If so, flow continues to 2546 where the manual mode is 
set. Flow then continues to 2547. If not, flow continues 
around 2546 to 2547. 

At 2547, it is determined whether the shifting algorithm 
is to be set. If not, flow continues to 2555. If the shifting 
algorithm is to be set, flow continues to 2548 where the 
algorithm menu is displayed by display 31. At 2549, it is 
determined whether the algorithm is to be based on provid- 
ing a constant cadence. If not, flow continues to 2551. If the 
shifting algorithm is to be based on constant cadence, the 
constant cadence algorithm mode is set at 2550 and flow 
continues to 2551. At 2551, it is determined whether the 
shifting algorithm is to be based on an exponential accel- 
eration. If so, flow continues to 2552 where the exponential 
acceleration mode is set, and flow continues to 2553. If not, 
flow continues around 2552 to 2553 where it is determined 
whether a learning mode should be invoked. 

The learning mode manifests itself in two forms. First, 
there is a direct mode in which a rider places the present 
invention in a learning mode, and manually shifts for 
allowing controller 21 observe and record the rider's pref- 
erences. Controller 21 returns to an automatic setting from 
the learning mode. For the second manifestation of the 
learning mode, supplementary learning occurs invisibly to 
the rider when controller 21 is in the automatic mode. 
Whenever the rider manually overrides a gear selection in 
the automatic mode, controller 21 records the manual gear 
selection and makes adjustments to the riding profile for 
reflecting the change in preference. 

If a learning mode is not to be invoked, flow continues to 
2555. If the learning mode is to be invoked, flow continues 
to 2554 where the learning mode is invoked. Flow then 
continues to 2555. 
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For troubleshooting purposes, the present invention 
includes a debug mode. Of course, production units of the 
present invention would not include the debug mode. At 
2555, it is determined whether the debug mode is to be 
entered. If not, flow continues to 2504. If the debug mode is 5 
to be entered, flow continues to 2556 where the debug mode 
is entered for troubleshooting operation of the present inven- 
tion in a well-known manner. Flow continues to 2504 upon 
exiting the debug mode. 

While the present invention has been described in con- 10 
nection with the illustrated embodiments, it will be appre- 
ciated and understood that modifications may be made 
without departing from the true spirit and scope of the 
invention. 

What is claimed is: 15 

1. A gear shifting system for a human-powered vehicle, 
comprising: 

a wheel speed sensor sensing a speed of a wheel of a 

human-powered vehicle; 
a cadence sensor sensing a drive rate of a torque drive 

member of the vehicle drives a torque -transmitting 

member of the vehicle; 

a gear changer position sensor sensing a position of a gear 
changer of the vehicle with respect to a plurality of 
gears of the vehicle; 

a tension sensor sensing a tension of a torque transmitting 
member transmitting a torque from the torque drive 
member to a gear of the plurality of gears; 

a clinometer sensing an inclination of the vehicle; 

a controller generating a control signal to change the 
position of the gear changer with respect to the plurality 
of gears based on the sensed wheel speed, the sensed 
drive rate, the sensed tension of the torque -transmitting 
member, the sensed vehicle inclination and the sensed 
gear changer position, the controller being inhibited 
from generating the control signal when the speed of 
the wheel is increasing; and 

a gear changer actuator coupled to the gear changer, the 
gear changer actuator positioning the gear changer with 
respect to the plurality of gears in response to the 
control signal. 

2. The gear shifting system according to claim 1, wherein 
the human-powered vehicle is a bicycle. 

3. The gear shifting system according to claim 2, wherein 45 
the 

torque drive member is a crank, and the cadence sensor 
senses a rate of rotation of the crank. 

4. The gear shifting system according to claim 3, wherein 
the gear changer is a derailleur, and 50 

the gear changer sensor senses the position of the 
derailleur with respect to the plurality of gears. 

5. The gear shifting system according to claim 4, wherein 
the torque -transmitting member is a chain, and 

the tension sensor senses a tension of the chain. 55 

6. The gear shifting system according to claim 1, wherein 
the controller generates the control signal further based on 
an effort of a user of the vehicle, the effort being proportional 
to an average sensed tension of the torque -transmitting 
member during a predetermined period of time. 60 

7. The gear shifting system according to claim 1, wherein 
the control signal comprises a shift- down signal and a 
shift -up signal, the gear changer actuator positioning the 
gear changer in response to the shift-down signal for 
decreasing a gear ratio of the vehicle, and positioning the 65 
gear changer in response to the shift-up signal for increasing 
the gear ratio of the vehicle. 
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8. The gear shifting system according to claim 7, wherein 
the sensed tension of the torque -transmitting member is 
based on a comparison of the sensed wheel speed and the 
sensed drive rate. 

9. The gear shifting system according to claim 8, wherein 
the sensed tension of the torque -transmitting member is 
determined by comparing a product of a current gear ratio 
and the sensed wheel speed to the sensed drive rate. 

10. The gear shifting system according to claim 7, 
wherein the tension sensor includes a displacement member 
that is displaced based on the tension of the torque- 
transmitting member. 

11. The gear shifting system according to claim 7, where 
the tension sensor includes a strain gauge that measures the 
tension of the torque-transmitting member based on a strain 
of the torque-transmitting member. 

12. The gear shifting system according to claim 7, 
wherein the controller is further inhibited from generating 
the control signal when the tension of the torque- 
transmitting member is greater than a predetermined ten- 
sion. 

13. The gear shifting system according to claim 12, 
further comprising a shift-down switch and a shift-up 
switch, and 

wherein the controller is responsive to actuation of the 
shift-down switch by generating the shift-down signal 
and is responsive to actuation of the shift-up switch by 
generating the shift-up signal. 

14. The gear shifting system according to claim 12, 
further comprising a heart rate monitor sensing a heart rate 
of a user of the vehicle, and 

wherein the controller generates the control signal further 
based on the sensed heart rate of the user. 

15. The gear shifting system according to claim 14, 
wherein when the sensed user heart rate is less than a first 
predetermined heart rate, the controller generates a shift-up 
signal, and when the sensed user heart rate is greater than a 
second predetermined heart rate, the controller generates a 
shift-down signal, the second predetermined heart rate being 
greater than the first predetermined heart rate. 

16. The gear shifting system according to claim 15, 
further 

comprising a memory, and wherein a target heart rate is 
stored in the memory, the first predetermined heart rate 
being less than the target heart rate by a predetermined 
difference and the second predetermined heart rate 
being greater than the target heart rate by the predeter- 
mined difference. 

17. The gear shifting system according to claim 16, 
further comprising a display device displaying at least one of 
a speed related to the sensed wheel speed, the sensed drive 
rate, an indication of a gear ratio, and the sensed user heart 
rate. 

18. The gear shifting system according to claim 7, 
wherein when the sensed drive rate is less than a first 
predetermined value, the controller is enabled for generating 
a shift-down signal, and when the sensed drive rate is greater 
than a second predetermined value, the controller is enabled 
for generating a shift-up signal, the second predetermined 
value being greater than the first predetermined value. 

19. The gear shifting system according to claim 18, 
wherein the 

controller includes a memory, and wherein a target 
cadence rate value is stored in the memory, the first 
predetermined value being less than the target cadence 
rate value by a predetermined difference and the second 
predetermined value being greater than the target 
cadence rate value by the predetermined difference. 
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20. The gear shifting system according to claim 1, 
wherein the controller generates the control signal using a 
fuzzy rule system that is based on the sensed wheel speed, 
the sensed drive rate, the sensed tension of the torque - 
transmitting member, the sensed vehicle inclination and a 
gear ratio as decision parameters. 

21. The gear shifting system according to claim 20, 
further comprising a heart rate monitor monitoring a heart 
rate of a user of the vehicle, and 

wherein the decision parameters of the fuzzy rule system 
are further based on the sensed heart rate of the user. 

22. The gear shifting system according to claim 21, 
wherein the decision parameters of the fuzzy rule system are 
further based on an effort of the user of the vehicle, the effort 
being proportional to an average sensed tension of the 
torque-transmitting member during a predetermined period 
of time. 

23. The gear shifting system according to claim 1, 
wherein the controller includes a learning mode of 
operation, the controller generating the control signal based 
on the sensed wheel speed, the sensed drive rate, the sensed 
tension of the torque-transmitting member, the sensed 
vehicle inclination and the sensed gear changer position as 
decision parameters when in the learning mode of operation. 

24. The gear shifting system according to claim 23, 
wherein the decision parameters of the controller further 
include an effort of a user of the vehicle, the effort being 
proportional to an average sensed tension of the torque- 
transmitting member during a predetermined period of time. 

25. The gear shifting system according to claim 1, 
wherein the controller includes a memory, and 

wherein the controller includes a learning mode of opera- 
tion and a normal mode of operation, the controller 
accepting and storing user preferences for wheel speed, 
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drive rate, torque-transmitting member tension, vehicle 
inclination and the gear changer position in the learning 
mode of operation, and the controller generating the 
control signal based on the sensed wheel speed, the 
sensed drive rate, the sensed tension of the torque- 
transmitting member, the sensed vehicle inclination, 
the sensed gear changer position in the normal mode of 
operation. 

26. A gear shifting system for a human-powered vehicle, 
comprising: 

a wheel speed sensor sensing a speed of a wheel of a 
human-powered vehicle; 

a tension sensor sensing a tension of a torque -transmitting 
member of the human-powered vehicle, the torque- 
transmitting member transmitting a torque applied to a 
torque drive member of the vehicle to a gear of a 
plurality of gears of the vehicle; 

a controller generating a control signal based on the 
sensed wheel speed and the sensed tension of the 
torque-transmitting member, the controller being inhib- 
ited from generating the control signal when the speed 
of the wheel is increasing; and 

a gear changer actuator coupled to a gear changer of the 
vehicle, the gear changer positioning the torque- 
transmitting member with respect to the plurality of 
gears, the gear changer actuator moving the gear 
changer in response to the control signal and position- 
ing the torque-transmitting member with respect to the 
plurality of gears. 

27. The gear shifting system according to claim 26, 
wherein the human -powered vehicle is a bicycle. 
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ABSTRACT 



The bicycle light plant includes a front light and a rear 
light having a set rated voltage, which lights are con- 
nected via a current circuit to a dynamo. The current 
circuit includes a switching controller which lets the 
voltage of the dynamo pass uncontrolled if it is below 
the rated voltage of the bulbs and stabilizes the voltage 
upon reaching or exceeding, the rated value practically 
without losses onto voltage level corresponding to this 
rated value. Accordingly, overvoltage at the bulbs can 
be prevented. Possible excessive output is not taken 
from the dynamo or is used for charging of batteries. 

7 Claims, 9 Drawing Sheets 
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LIGHT PLANT FOR BICYCLES INCLUDING A 

DYNAMO 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a light plant for bicy- 
cles having an electric circuit, which includes at least 
one front light, a rear light and a dynamo adapted to be 
driven by the bicycle, and a voltage limiting circuitry 
for the light voltage. 

2. Description of the Prior Art 

Such plants are known in a variety of designs, specifi- 
cally also as parking light plants. In this respect atten- 
tion is drawn to the German patent specifications DE-A 
31 14 767 and DE-A-31 06 569. From these disclosures 
the problem relating to strongly fluctuating supply volt- 
ages and corresponding small or fluctuating light output 
of the bulbs operated thereby are known. In order to 2Q 
obviate these drawbacks electronically operating volt- 
age and current limiting devices in the form of zener 
diodes have been proposed, by means of which harmful 
voltage peaks were not supplied to the bulb. On the 
other hand, it was foreseen in case of a supply by batter- 25 
ies to switch additional batteries in upon a decrease of 
the voltage. In these generally known plants it was 
necessary to limit the voltage to the lower level of the 
battery voltage, whereby in case of higher voltages the 
electrical power remained unused or was dissipated. 30 
This is inefficient, specifically if the light plant for bicy- 
cles shall also lend itself to be operated by rechargeable 
batteries. 
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Therefore, it is an object of the invention to provide 
a light plant for bicycles, in which at any operational 
condition an optimal light yield at all speeds can be 
combined with a minimal dynamo resistance and opti- 
mal charging conditions in case that rechargeable bat- 40 
teries are used such that the lifetime of the battery can 
be increased and generally the bulbs are protected. 

A further object of the invention is to provide a light 
plant for bicycles, which lends itself to be designed 
based on the same basic circuitry of various modifica- 45 
tions which are compatible with already existing parts 
of plants such that existing bicycles may also be 
equipped therewith. 

Still a further object of the invention is to provide a 
light plant for bicycles, in which low inherent losses 50 
occur and which can be switched in such a way that in 
case of use of rechargeable batteries it runs continu- 
ously without substantially influencing the resistance 
against the movement or running. 

Yet a further object is to provide a light plant for 55 
bicycles, which comprises at least one switching con- 
troller arranged between the dynamo and the front and 
the back lights, which switching controller is adapted to 
stabilize the voltage of the dynamo upon reaching or 
exceeding, a rated voltage of the lights substantially 60 
without any losses to a voltage level which corresponds 
to the rated voltage. 

The use of a dynamo with an approximately linear 
characteristic in combination with a switching control- 
ler which stabilizes the voltage allows a specifically 65 
efficient operation of the bicycle light plant, in combi- 
nation with a rechargeable battery or without such a 
battery. 



By the stabilizing of the voltage to a predetermined 
level corresponding to the rated value of the lamps the 
excess output is not dissipated, it is rather not taken 
from the dynamo at all or then possibly used for the 
charging of batteries. Correspondingly, not only the 
voltage but also the resistance of the dynamo against 
rotation are stabilized to an optimal value. 

The output voltage of the dynamo is measured by 
means of a threshold switch and converted into at least 
two, preferably three, switching states of the plant, 
which states each are adjusted optimally to the respec- 
tive generated voltage. 

The dynamo can be designed as a continuously run- 
ning hub dynamo. The output generated therewith is 
sufficient at an optimal utilization for a running opera- 
tion as well as for a parking light operation. 

The bicycle light plant can be produced in various 
design modes, i.e. with one or two lamps for the front 
light, with or without rechargeable batteries and with 
or without any control logic such that it can be com- 
bined, depending on the design mode with generally 
available dynamos and lamps. 

In one design mode a charging apparatus for the 
rechargeable batteries is switched via the control logic, 
depending on the prevailing running and operating state 
of the bicycle to various loading cycles. By each means, 
the charging procedure and the operating state of the 
lamps as well may be optimally adjusted to the running 
state such that during a normal, cyclic running behavior 
the running light and the parking light as well are guar- 
anteed to be in a condition corresponding to legal stan- 
dards. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and objects 
other than those set forth above will become apparent 
when consideration is given to the following detailed 
description thereof. Such description makes reference 
to the annexed drawings, wherein: 

FIG. 1 illustrates a base circuit for a first arrange- 
ment, whereby a second design embodiment is drawn 
with broken lines; 

FIG. 2 is a schematic illustration of the circuitry of 
the switching controller of FIG. 1; 

FIG. 3 is a diagram illustrating the operation of the 
switching controller according to FIG. 2; 

FIG. 4 illustrates a circuit for a second arrangement 
having only one bulb in the front light and rechargeable 
batteries; 

FIG. 5 is a block diagram of a part of the circuit in 
accordance with FIG. 4 in order to illustrate the charg- 
ing controlling; 

FIG. 6 is a diagram illustrating the switching condi- 
tions in dependence upon the speed; 

FIG. 7 is a voltage-speed -diagram in accordance with 
FIG. 6; 

FIG. 8 is a speed-time-diagram of the circuit in accor- 
dance with FIGS. 4 and 5 for a running cycle; 

FIG. 9 is a block diagram of a third arrangement in 
accordance with FIG. 4, however with two different 
bulbs in the front light and further elements, such as a 
braking light; 

FIG. 10 is a block diagram of an additional indicating 
device; 

FIG. 11 illustrates an assembly of the components of 
a complete plant; 

FIG. 12 illustrates a correspondingly equipped bicy- 
cle; and 
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FIG. 13 illustrates a bicycle, in which the plant is 
combined with generally available lamps and a gener- 
ally available dynamo. 

DESCRIPTION OF THE PREFERRED s 
EMBODIMENTS 

Firstly, the operation of a basic circuit of the light 
plant will hereinbelow be explained with reference to 
FIGS. 1 to 3. This basic circuit represents at the same 
time a first design mode of the plant. 10 

The light plant comprises a generator G, designed as 
dynamo for a bicycle such as will be explained more in 
detail further below. This dynamo supplies after rectifi- 
cation a DC- voltage Ve or a DC-current, respectively, 
whose magnitude increases when the running speed of 15 
the bicycle increases. By means of a condensor K at the 
output side the output voltage Ve can additionally be 
smoothened and by means of a zener diode Z the elec- 
tronics can be protected from an overvoltage. 

The voltage-speed-characteristic curve K of the dy- 20 
namo used (see FIG. 6) causes overvoltages to be gener- 
ated at higher speeds, which would destroy the light 
bulbs of the bicycles and which would not correspond 
to the legal standards. 

In accordance with the invention, however, it is spe- 25 
cifically the generation of overvoltages which is used 
for a more efficient operation of the light plant. In order 
to achieve this, a switching controller 1 is switched in 
between the dynamo G and the lamps Ki (rear light) 
and Vl\, and V^2, respectively, (front light), which 30 
switching controller 1 can be switched on and off via a 
switch 2. If it is switched off, the switching controller 1 
acts as an opened switch and the bulbs are not con- 
nected to the dynamo G. If it is switched on, it stabilizes 
the voltage almost without any losses to a selectable 35 
value. 

With reference to FIGS. 2 and 3 the operation of 
such a switching controller will be explained hereinbe- 
low in an exemplary manner. 

Up to a desired output voltage \Ja On the present 40 
example 5.8 V) an electronic switch 3 is continuously 
closed. The voltage of the dynamo can increase in this 
range without any losses until the desired output volt- 
age LU has been reached. If the voltage of the dynamo 
increases still further (FIG. 3), the electronic switch 3 is 45 
opened and again closed by an oscillator 11 in a set 
switching frequency of e.g. 100 KHz, 

Thereby, the pulse duty factor te/T is changed as a 
function of the input voltage U£ and specifically such 
that the mean value of the voltage impulses which are 50 
led to pass through correspond to the stabilized output 
voltage U^. At the same time a current limitation is also 
coupled therewith. The voltage impulses are converted 
in an LC-filter to a DC-voltage U^. A corresponding 
control circuitry for the adjustment of the pulse duty 55 
factor by means of an operational amplifier 4 and of a 
reference voltage source 5 is illustrated in FIG. 2. The 
control amplifier is preferably designed according to a 
C-MOS-technique and operates at an efficiency more 
than 90%. 60 

If the voltage Unof the dynamo exceeds the desired 
output voltage U^, the electrical output is accordingly 
not dissipated, the dynamo is rather relieved, where- 
with also the electromotive force in the dynamo and 
accordingly the running resistance are correspondingly 65 
limited to an optimal value. If the dynamo G operates in 
this range, the bulbs of the front light and the rear light 
burn at a constant brightness. The nominal values for 



4 

the lamps are e.g. 6 V/2.5 W for the front light and 6 
V/0.6 W for the rear light, which values are tuned to 
this stabilized voltage. 

If the running speed decelerates, a voltage is gener- 
ated in dependence upon the speed which lies between 
0 and 5.8 V. The more the voltage falls below the rated 
voltage of the bulbs, the less bright they burn. Accord- 
ingly, there exists the danger of a too weak light, and 
this specifically increased because the larger the devia- 
tion from the rated value of the lamps, the more the 
light yield decreases. In order to prevent such occur- 
rence a threshold switch 6 is provided in a second de- 
sign mode of the described plant (see FIG. 1 or 4), 
which senses the voltage of the dynamo. In the example 
of FIG. 1 completed by broken lines, the threshold 
switch 6 generates two states and the front light in- 
cludes bulbs (or one bulb having two filaments) having 
differing nominal or rated voltages. The switch control- 
ler includes two stabilizing levels corresponding to 
these rated voltages. Hereinbelow these two levels are 
differentiated from each other by the identification 
switch controller 1 for the first and switching controller 
1' for the second stage. If the voltage is below a value 
Vjn (=4.5 V in this example), it is stabilized by the 
switching controller 1' to 3.6 V and is connected via a 
switch 7 to the first bulb of the front light having a 
low rated voltage (in the example 3.6 V, 1 W). If the 
voltage exceeds the value Vxu it is switched via the 
switching controller 1 to the second bulb Vjji which has 
the higher rated voltage ( = 6, V; 2.5 W in this example). 
If the voltage falls under a value Vxi (4.2 V in this 
example), the procedure runs in the opposite way. A 
hysteresis of about 0.3 V between the switching volt- 
ages \x\ and Va7 avoids a continuous switching and 
thus a flickering of the light in case the generated volt- 
age of the dynamo fluctuates in the corresponding 
range. 

If now two bulbs are used for the front light, it is 
possible to differentiate basically between three states of 
operation. If the voltage of the dynamo is in a range 
between 0 and 4.5 V, the voltage is stabilized at a low 
level, and the first bulb is operated at a low rated volt- 
age, which secures in this range a good light yield. If the 
voltage of the dynamo exceeds the value 4.5 V, a 
switching over to the second bulb (or filament, respec- 
tively) is made and accordingly to the higher stabilized 
voltage level. Consequently an overvoltage at both 
bulbs is prevented in that a voltage limitation at their 
rated voltage is active for both. 

In the range below the respective rated voltages the 
bulbs are operated at a fluctuating voltage of the dy- 
namo, but yet at a relative good light yield. 

In FIGS. 4 and 8 a further application of the principle 
of the circuitry is illustrated, whereby now the switch- 
ing conditions which are adjusted to the voltage of the 
dynamo are not generated at the side of the bulbs, but 
rather at the side of the supply or the charging control, 
respectively, and are utilized for the stabilization of the 
voltage or optimal charging of a battery, respectively. 
Accordingly, in this embodiment rechargeable batteries 
8 (with a rated voltage of 3.6 V) are provided at the feed 
side, which batteries 8 are connected via a battery 
charging converter 9, which is illustrated in detail in 
FIG. 5, to the dynamo G. The dynamo G has a voltage- 
speed-characteristic line K (FIGS. 6, 7). At the user side 
a front light Vi with only one bulb and one rear light 
Rl are provided, such that this plant can be operated 
with commonly available bicycle lights and bulbs. 
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In the here disclosed embodiment of the light elec- 
tronics a differentiation between three operational states 
is made when the light is switched on, which opera- 
tional states are hereinbelow identified by the letters A, 
B and C. In FIG. 6 these operational states are illus- 5 
trated in dependence upon the speed of the bicycle. The 
first line in FIG. 6 depicts the voltage-speed-character- 
istic line K of the dynamo G. The second line depicts 
the switching over from the operational state A to the 
operational state B corresponding to the logic signal out 10 
of a first threshold switch &. The third line represents 
the corresponding logic signal of a second threshold 
switch 6 11 . Finally, at the lowermost line the charging 
current I for the battery 8 is depicted. The course of the 
output voltage JJa present at the bulbs can be seen in 15 
FIG. 7. 

The operational state A is present at stand-still or at a 
slow speed (up to e.g. 7 km/h) as long as the output 
voltage of the dynamo G remains below a first thresh- 
old value I of e.g. 3.6 V. At the operational state A the 20 
energy for the lamps is taken from the battery 8, and the 
energy of the dynamo generated is charged after a suit- 
able DC/DC-conversion in the charging converter 9 to 
the battery 8. 

If threshold value I is exceeded by a higher speed, a 25 
switching over into the operational state B is made as 
long as the full bulb voltage has not been reached yet. In 
this range the charging converter 9 operates as con- 
stant-small-current converter for a generation of a con- 
stant charging current of about 10 mA for the battery 8. 30 
This load corresponds roughly to the normal bulb- 
resistance tolerances and is thus allowable. It is, how- 
ever, of importance for the battery 8 that it is also 
charged at the (most common) speed between about 6 
to 14 km/h. 35 

At speeds above about 15 km/h the voltage U^of the 
dynamo exceeds the rated voltage of the bulbs of 6 V. 
Here now the operational state C is taken into operation 
as long as a threshold value II of about 5.8 V of the 
dynamo voltage is reached. In this operational state the 40 
electronics operate to hold the voltage constant because 
when the rated voltage of the bulbs is exceeded, the 
lifetime thereof decreases greatly. The excess dynamo 
energy is charged into the battery 8. The charging cur- 
rent which is accordingly attainable can reach up to 250 45 
mA (high speed-charging). 

A corresponding design of a circuit is illustrated in 
FIG. 4. The standard dynamo G is connected via a 
rectifier 30 with a filtering to the electronics. It includes 
on the one hand a threshold switch 6 having a first 50 
threshold value I of the voltage XJe of the dynamo at 
about V^=3.6 V and a second threshold value II at 
about V = 5.8 V. In FIGS. 4 and 5 the threshold -switch 
6 is graphically separated correspondingly in two 
blocks. The threshold switch 6 determines the men- 55 
tioned threshold values of te voltage of the dynamo and 
delivers corresponding control signals to a control logic 
10. This control logic 10 possesses three control circuits 
31, each of which is allocated to one of the mentioned 
operational states and accordingly are illustrated in 60 
FIG. 5 by corresponding blocks A, B, C. Depending 
upon the prevailing operational state one of these con- 
trol circuits is connected via a logic 32 to the charge 
converter 9 and supplies corresponding control signals 
to same, such as can be seen in FIG. 5. 65 

The charge converter 9 is switched between the rec- 
tifier 30 and the battery 8 and possesses also a switching 
controller 33, which receives via a feedback-input F# 



the control signals of the control circuits 31. The corre- 
spondingly controlled output signal of this switching 
controller is supplied via a transformer 34 and a rectifier 
arrangement (see FIGS. 1 to 3) as DC-current to the 
battery 8, as can be seen specifically in FIG. 5. 

At the operational state A the controlling of the load 
occurs by an adjustment of the resistance that such the 
energy of the dynamo present in this range is optimally 
charged into the battery 8. The bulb receives thereby its 
energy completely from the battery, for which reason 
the voltage of the bulb does not fall below the voltage 
of the battery of 3.6 V. The control circuit 31 A oper- 
ates in such a way that upon a reaching of the first 
threshold voltage I the load of the dynamo corresponds 
approximately to the load of the bulb (of about 12 ft). 
This is in order to keep the switching over hysteresis 
AU during the switching over into the operational state 
B at a small value, such that no large fluctuation of the 
brightness in the bulbs and occurs. 

The switching over from the operational state A into 
the operational state B proceeds via hysteresis, such as 
specifically illustrated in FIGS. 6 and 7. The switching 
up from A to B proceeds at a somewhat higher voltage 
Vji than the switching back from B to A at the lower 
voltage V^2- By means of such a continuous switching 
back and forth in this range of the running and accord- 
ingly a flickering of the light can be prevented. 

In the operational state B the bulb receives the cur- 
rent from the dynamo (FIG. 7). Until the complete bulb 
voltage has been reached, it should not be loaded too 
strongly by the charging of the battery. In spite of this, 
it is important for the energy balance that a charging 
proceeds also in this range of speed which occurs often. 
As already explained, the switching controller 33 is, 
therefore, controlled by the control circuit B such that 
a small constant charging current of e.g. 10 mA is gen- 
erated. Because this corresponds merely roughly to the 
standard bulb-resistance-tolerances, the light yield is 
not markedly negatively influenced by this. 

If the rated voltage of the bulbs of 6 V is reached at 
speeds of about 15 km/h, the threshold switch & 1 
switches the control circuit 31 C onto the charging 
converter 9. This control circuit controls the loading of 
the dynamo in such a way, that a voltage of 6 V by 
means of the controller load is not exceeded in any case. 
The energy of the overvoltage is charged into the bat- 
tery (see FIGS. 6 and 8). When rolling downwards at a 
high speed it is thus possible to generate a charging 
current up to 250 mA and to achieve a high speed 
charging of the battery. 

A switching controller 1' is arranged between the 
battery 8 and the bulbs. It stabilizes the voltage and the 
current, respectively, from the battery 8 or from the 
charging converter 9, respectively, which reaches the 
bulbs, to a value of e.g. 3.2 V, such that a constant 
brightness of the bulbs, which is positive for the safety, 
is secured. It becomes active in the operational state A 
at a low dynamo voltage. 

When running with the dynamo and the light 
switched off (= charging) the circuit operates in the 
operational state A, i.e. the load of the dynamo corre- 
sponds to the load of the bulbs. The batteries are 
charged approximately by the energy which the bulbs 
would consume. The fully charged state is then de- 
tected by a battery control circuit 36 and indicated via 
the control logic 10 by means of a light emitting diode 
LED. 
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The light emitting diode indication allows the opera- 
tor to recognize in any phase of the operation the state 
of the light plant. The indication proceeds for example 
as follows: 

The diode is continuously lighted when the light is 5 
switched on and the capacity of the battery is between 
about 30% and 90%. 

The diode flickers in a 1 Hz-cycle if the capacity of 
the battery falls during the running with light below 
about 30%. " 10 

The diode flickers at a 4 Hz-cycle if the light is 
switched off and the batteries are being charged until a 
battery capacity of about 90% is reached. 

If the battery capacity is more than 90%, the LED- 
indication is inactive. 15 

The battery control circuit 36 has, furthermore, a 
controlling function if the battery is present. If the bat- 
tery 8 is not present or is largely discharged, this is 
determined by a presence-control-logic and stored in 
the control logic 10. In this case the described electron- 20 
ics remains inactive. The bulbs Vi, Ri are in this case 
connected via a relay Rj, t\ directly to the dynamo G 
(FIG. 4). The battery charging converter operates in 
this case in the operational state B, i.e. it generates a 
small charging current. By means of such, a low dis- 
charging protection for the battery 8 on the one hand 
and a safeguarding of the running with light on the 
other hand is reached. 

The control logic can be operated by means of the 3Q 
key 2. If the key is depressed longer (longer than e.g. 
0.25 sec), the memory in the control logic 10 can be set 
to "on", wherewith the light plant is switched on via 
the control logic 10. If the key is depressed for a short 
time span (less than 0.25 sec), the memory is set to "off" 35 
and the plant is shut off. A parking light-time 13 is con- 
nected, furthermore, to the control logic 10, whose 
function will be described further below. 

An advantage of the described embodiment with 
battery support is the generation of the parking light. 
When the bicycle is stopped and accordingly the output 
voltage of the dynamo G falls to zero, the operational 
state of a battery supply at a voltage stabilized to 3.2 V 
occurs in accordance with the above description. 
Therefore, the light keeps on burning also at a reduced 45 
consumption in case it is switched on. If the voltage of 
the dynamo sinks below a minimal value Vo (of e.g. 1 
V), this is determined by the threshold switch 6 and a 
signal for the control logic 10 is generated. This control 
logic 10 is connected to a timer circuit 13, which starts 50 
in this instance and counts during a predetermined time 
T (of e.g. 4 min). During this time span the switching 
controller 1' remains switched on and the light contin- 
ues to burn. If the time is expired, the control logic 
switches the switching controller 1' off and the light is 55 
switched off, although the on/off-memory is still in the 
state ON. If the dynamo generates again a voltage 
which exceeds Vo (=1 V) or if the key is operated 
longer than 0.3 sec, the timer circuit 13 is set back and 
the switching controller 1' is switched on again, such 60 
that the light burns again stabilized at 3.2 V. By means 
of this switching on and switching off automatically, the 
parking light operation can be secured without any 
excessive consuming of the battery and without any 
special operation by the operator. 65 

The described operational states are schematically 
combined in a plurality of diagrams belonging to each 
other in FIG. 8 to an arbitrary running profile. 



As can be derived from this illustration, the bicycle 
light plant is designed such that at the side of the con- 
suming and at the side of the supply as well a switching 
over between various operational states is made during 
the entire running cycle, of which states every one is 
optimally adjusted to the respective operational state. 
Consequently, it can be guaranteed that always an ex- 
cellent light is available during normal running cycles, 
that the batteries are always charged and the resistance 
against the running remains limited. 

Up till now plants have been described, in which 
alternatively it was only possible to switch between 
different operational states only at the side of the user or 
at the supplier side, which allows either the use of a 
common dynamo or of common bulbs, and now a plant 
is illustrated in FIG. 9, in which a switching is made 
between the operational states at the supply side and at 
the user's side as well. Hereto reference can be made 
extensively to the above description, whereby each 
switching controller 1 or 1' is connected with its own 
lamp (or filament, respectively) V/,1 and Vz,2> respec- 
tively, of the front light. Preferably halogen lamps hav- 
ing two filaments of a different rated output are used for 
the front light. For the rear light Ri, furthermore, a 
switch 16 is provided, which connects the respective 
active switch controller to the rear light. Otherwise the 
plant operates as described above with the difference 
that during the switching between the two switching 
controllers a voltage step from 3.6 V to about 4.5 V 
occurs because the light value of the bulb V/j (3.6 
V/1.2 W) corresponds roughly to the one of the bulb 
(6 V/2.5 W) at an operational voltage of 4.5 V. By 
means of such, no difference regarding brightness is 
discernible during the switching between the two bulbs 
(or filaments, respectively). Furthermore, a braking 
light function is indicated in FIG. 9, which can be 
added to the rear light Rj.. Hereto, on the one hand a 
brake contact 17 is provided in the area of the brakes 
and on the other hand a LED-rear light 18 is provided 
with two segments (see FIG. 11). The one segment acts 
as rear light in the night and the other one as braking 
light. Both are supplied via the same wire, whereby the 
transmission of the braking light is modulated by an 
additional electronics 19 and is decoded in the braking 
light. By means of this arrangement the same supply can 
operate selectively the rear light and/or the braking 
light. The compatability with a normal rear light is 
thereby guaranteed. 

Finally, FIG. 10 illustrates a control circuit 20 for an 
indicating and operating unit 21, which is connected to 
the control logic 10. It is possible to conclude from the 
measured dynamo-voltage the speed, from which 
the covered distance etc. can be calculated and indi- 
cated by means of a time measurement. 

The heretofore described bicycle light plant can be 
operated by commonly available dynamos G. 

The described bicycle light plant is composed of a 
plurality of components, which depending on the de- 
sign state of the plant, may be replaced partly by gener- 
ally available components. The plant is illustrated in 
FIG. 11 in a general overview and with its components. 
FIGS. 12 and 13 illustrate correspondingly equipped 
bicycles. The central part of the plant is an electronics 
housing 22, which contains the described electronics in 
the possible design modes. The electronics housing 22 
acts preferably also as housing for the lamps of the front 
light in case it is equipped with two halogen lamps V^i, 
Vi.2 (or one bulb having two filaments, respectively). If 
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the electronics is operated by a generally available front 
light V//, it is possible to place a cover 23 onto the 
housing 22 in place of the light part. This is then 
mounted at a suitable location on the frame of the bicy- 
cle (FIG. 13). Furthermore, a separate indicating unit 5 
21 is provided, which is located in the field of vision of 
the driver (FIG. 12) and which includes the described 
LED-indicators and switches 11. The rechargeable 
batteries 8 are as a rule located in the electronics hous- 
ing 22. In case an additional battery 8' or solar cells 24, 10 
respectively, are used, there can be located at the area 
of the baggage rack (FIG. 12). The electronics is con- 
nected to dynamo G, which e.g. may be a wheel hub 
dynamo. If a LED-rear light Kl together with a braking 
light Bz, is used, this brake is correspondingly equipped 15 
with a feeler 17 for the braking light, which as has been 
described is connected to the electronics 22. It is, how- 
ever, also possible to use a common rear light Ki'. 

A bicycle is illustrated in FIG. 12, which is equipped 
with a completely equipped bicycle light plant having a 20 
hub dynamo 32, electronics 22 with halogen bulbs V/j, 
Vi2> built thereonto, indicating unit 21, LED-rear light 
and braking light Bl and solar cells 24. The electron- 
ics corresponds to the one of FIG. 6. 

FIG. 13 illustrates in contrast thereto a bicycle plant 25 
in combination with a common front light V//, common 
dynamos G and a common rear light R/.. The electron- 
ics corresponds thereby to the one of FIG. 4. 

As can be seen out of the above description, the bicy- 
cle light plant allows an economical operation which 30 
uses optimally the electrical power which is available 
and which secures in all running cycles of the bicycle a 
lawful, optimal light yield. It can be integrated into 
already existing bicycle light plants at various design 
states. 35 

While there are shown and described present pre- 
ferred embodiments of the invention, it is to be dis- 
tinctly understood that the invention is not limited 
thereto, but may be otherwise variously embodied and 
practiced within the scope of the following claims. 40 

I claim: 

1. A light plant for bicycles comprising at least one 
light bulb, a dynamo driven by the bicycle, at least one 
switching voltage controller, a rechargeable battery, a 
charging converter for controlling charging of said 45 
battery, and control circuit means operating as a func- 
tion of dynamo output voltage such that: 
at low dynamo output voltage, in a first operation 
range, said light bulb is driven by said battery and 
said charging converter is set to use all the power 50 
generated by said dynamo for charging said bat- 
tery, 

at medium dynamo output voltage, in a second opera- 
tion range, said light bulb is driven by said dynamo 
and said charging converter is set to use a small 55 
part of the power generated by said dynamo for 
charging said battery, and 

at high dynamo output voltage, in a third operation 
range, power corresponding to a nominal opera- 
tion power of said light bulb is transferred from 60 
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said dynamo to said light bulb, while said converter 
is set to use all remaining power of said dynamo for 
charging said battery. 

2. The light plant of claim 1, wherein said control 
circuit means sets said charging converter to use all the 
power generated by said dynamo for charging said 
battery when said light bulb is switched off. 

3. The light plant of claim 1, comprising a threshold 
switch for determining said dynamo output voltage and 
said ranges of operation of the light plant, said threshold 
switch having a hysteresis such that the transition be- 
tween said first and second operation range occurs at a 
higher voltage than the transition between said second 
and said first operation range. 

4. The light plant of claim 1, wherein said switching 
voltage controller controls the voltage to said light bulb 
in said third range of operation. 

5. A light plant for bicycles comprising: 

at least one light bulb, a dynamo driven by the bicy- 
cle, at least two switching voltage controllers, a 
rechargeable battery, a charging converter for 
controlling charging of said battery and control 
circuit means including a threshold switch for 
monitoring output voltage of said dynamo, such 
that 

depending on the output voltage of said dynamo said 
charging converter is set to at least a first or a 
second charging state for adjusting the charging 
rate of the battery, 

depending on the output voltage of said dynamo said 
light bulb is supplied with voltage either from said 
dynamo or said battery, and 

wherein a first of said switching voltage controllers 
stabilizes the voltage of said dynamo to a preset 
higher bulb voltage and a second of said switching 
voltage controllers stabilizes the voltage of said 
battery to a preset lower bulb voltage. 

6. A light plant for bicycles comprising: 

at least one light bulb, a dynamo driven by the bicy- 
cle, at least one switching voltage controller, a 
rechargeable battery, a charging converter for 
controlling charging of said battery and control 
circuit means including a threshold switch for 
monitoring output voltage of said dynamo, such 
that 

depending on the output voltage of said dynamo said 
charging converter is set to at least a first and a 
second charging state for adjusting the charging 
rate of the battery, and 

depending on the output voltage of said dynamo, said 
light bulb is switched off after the output voltage of 
said dynamo falls below a predetermined minimum 
voltage. 

7. The light plant of claim 6, wherein said control 
circuit means comprises a timer circuit to switch off said 
light bulb after the output voltage of said dynamo is 
below said predetermined minimum voltage for a pre- 
determined time interval. 

* * * * * 
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ABSTRACT 



A power ON-OFF control circuit comprises a power 
stabilizing circuit for stabilizing power applied from a 
power source, a supply circuit for supplying a control 
signal, a detecting circuit for detecting whether the 
power from the power source is inputted, a switching 
circuit for disabling the control signal in response to the 
output of the detecting circuit and a control circuit for 
controlling ON-OFF states of the power source in re- 
sponse to the switching circuit, the control circuit being 
connected to the power stabilizing circuit. 

6 Claims, 3 Drawing Figures 
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POWER ON-OFF CONTROL CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates to a power ON-OFF * 
control circuit and, more particularly, to a power the 
ON-OFF control circuit for controlling ON-OFF states 
of a power source such as a relatively small capacity 
power source which drives an electronic apparatus 
including a memory. 10 

A power ON-OFF control circuit as shown in FIG. 1 
is generally used for controlling the ON-OFF states of 
a power source. The power ON-OFF control circuit of 
FIG. 1 includes a power transformer Tl, a rectifying 
diode Dl, smoothing condensors CI and C2, a current 15 
control transistor Trl, a Zener diode D2, a resistance 
Rl, a condensor C3, and a switching transistor Tr2. 

A power stabilizing circuit in series comprises the 
power transformer Tl, the rectifying diode Dl, the 
smoothing condensors CI and C2, the current control 20 
transistor Trl, the Zener diode D2, the resistance Rl, 
and the condensor C3 all operated to stabilize the power 
from the power source. The switching transistor Tr2 is 
inserted and connected between the base of the current 
control transistor Trl and the ground, and the switch- 25 
ing transistor Tr2 operates to control the ON-OFF 
states of the power source based on the operation of the 
above-described power stabilizing circuit. 

The power ON-OFF control circuit is connected to 
an AC (Alternating Current) power source through an 30 
AC plug P, and further, connected to a load L to which 
the power is applied from the AC power source. The 
power from the AC power source is switched on or off 
by a main power switch SW1. 

The operation of the power ON-OFF control circuit 35 
of FIG. 1 will be described below. 

When the main power switch SW1 is switched on, an 
"L" (Low) level control signal is applied to the base of 
the switching transistor Tr2, so that the switching tran- 
sistor Tr2 is placed in the OFF state and the current 40 
control transistor Trl is placed in the ON state. There- 
fore, a rectifying output voltage Vccl at the collector of 
the current control transistor Trl is stabilized by the 
current control transistor Trl and transformed into a 
DC (Direct Current) voltage Vcc2, and the stabilized 45 
DC voltage Vcc2 is further applied to the load L. 

When the main power switch SW1 is switched off, a 
"H" (High) level control signal is applied to the base of 
the switching transistor Tr2, so that the switching tran- 
sistor Tr2 is placed in the ON state and the current 50 
control transistor Trl is placed in the cut-off state. 
Therefore, the rectifying output voltage Vccl is cut off 
by the current control transistor Trl and the DC volt- 
age Vcc2 is not applied to the load L. 

However, in the case where the AC plug P is pulled 55 
out or the main power switch SW1 is switched off while 
the "L" level control signal is applied to the base of the 
switching transistor Tr2, in other words, while the main 
power switch SW1 is switched on, the DC voltage 
Vcc2 applied to the load L is gradually decreased as 60 
being dependent on the decrease of the rectifying out- 
put voltage Vccl while the current control transistor 
Trl is continuously placed in the ON state. Because the 
rectifying output voltage Vccl is decreased with small 
vibration, the DC voltage Vcc2 is gradually decreased 65 
with small vibration, also. 

If the load L includes a memory such as a semicon- 
ductor memory, the memory may be caused to malfunc- 
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tion by the vibration of the DC voltage Vcc2, or the 
memory contents of the memory may be destroyed. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an improved power ON-OFF control circuit 
for controlling the ON-OFF states of a power source 
which drives an electronic apparatus including a mem- 
ory. 

It is another object of the present invention to pro- 
vide an improved power ON-OFF control circuit for a 
relatively small capacity power source. 

It is a further object of the present invention to pro- 
vide an improved power ON-OFF control circuit for 
protecting the memory contents of a memory that is 
included in an electronic apparatus from being de- 
stroyed by a voltage change when a power source is 
turned ON or OFF. 

Other objects and further scope of applicability of the 
present invention will become apparent from the de- 
tailed description given hereinafter. It should be under- 
stood, however, that the detailed description of and 
specific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustration 
only, since various changes and modifications within 
the spirit and scope of the invention will become appar- 
ent to those skilled in the art from this detailed descrip- 
tion. 

According to an embodiment of the present inven- 
tion, a power ON-OFF control circuit comprises stabi- 
lizing means for stabilizing power applied from a power 
source, supply means for supplying a control signal, 
detecting means for detecting whether the power from 
the power source is inputted, switching means for dis- 
abling the control signal in response to the output of the 
detecting means, and control means for controlling 
ON-OFF states of the power source in response to the 
switching means, the control means being connected to 
the power stabilizing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from 
the detailed descriptiongiven hereinbelow and the ac- 
companying drawings which are given by way of illus- 
tration only, and thus are not limitative of the present 
invention and wherein: 

FIG. 1 shows a circuit diagram of the power ON- 
OFF control circuit which is used generally; 

FIG. 2 shows a circuit diagram of a power ON-OFF 
control circuit according to an embodiment of the pres- 
ent invention; and 

FIG. 3 shows a graph of a transient voltage charac- 
teristic for explaining the operation of the power ON- 
OFF control circuit of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 2 shows a circuit diagram of a power ON-OFF 
control circuit according to an embodiment of the pres- 
ent invention. Like elements corresponding to the parts 
of FIG. 1 are denoted by like reference characters in 
FIG, 2. 

A power ON-OFF control circuit of the present 
invention comprises a power transformer Trl, rectify- 
ing diodes Dl and D6, smoothing condensors CI, C2, 
and C4, Zener diodes D2 and D5, a current control 
transistor Trl, switching transistors Tr2 and Tr3, resis- 
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tances R'l, R2, R3, R4, and R5, a diode D3, and a 
switching diode D4. 

The power ON-OFF control circuit is connected to a 
power source through a plug P and a main power 
switch SW1, and power from the power source is ap- 5 
plied to a load L thorugh the power ON-OFF control 
circuit. 

In the above power ON-OFF control circuit, one end 
of the resistance R'l is connected to the base of the 
current control transistor Trl, and the other end of the 10 
resistance R'l is connected to an output terminal out- 
putting a rectifying output voltage Vcc3 
(Vcc3>Vccl). 

The rectifying diodes Dl and D6 are connected to 
the power transformer Tl so as to output from the 15 
rectifying diode Dl a voltage (Vccl) less than a voltage 
(Vcc3) from the rectifying diode D6. 

The base of the switching transistor Tr2 is connected 
to the collector of the current control transistor Trl 
through the resistance R2, and is grounded through the 20 
resistance R3. The reverse switching transistor Tr3 is 
inserted and connected between the base of the switch- 
ing transistor Tr2 and the ground, and further, the "H" 
(High) level or "L" (Low) level control signal is applied 
to the base of the reverse switching transistor Tr3 25 
through the resistance R4 and the diode D3. The con- 
nection between the resistance R4 and the diode D3 is 
connected to the portion @ between the Zener diode 
D5 and the resistance R5 through the switching diode 
D4. The rectifying diode D6 and the smoothing con- 30 
densor C4 are provided for outputting the relatively 
high DC voltage Vcc3. 

The operation of the above power ON-OFF control 
circuit of the present invention will be described below. 

When the "H" level control signal is applied to the 35 
base of the reverse switching transistor Tr3 through the 
resistance R4 and the diode D3 in the condition that the 
main power switch SW1 is switched ON and is continu- 
ously placed in the ON state, the reverse switching 



words, that the main power switch SW1 is switched on, 
the operation of the power ON-OFF control circuit 
when plug P is pulled out or the main power switch 
SW1 is switched off will be described below. 

In case that the main power switch SW1 is switched 
off at a time tO, the rectifying output voltages Vccl and 
Vcc3 are decreased under predetermined time con- 
stants, respectively. In this time, the electric potential at 
the connection portion @ between the Zener diode 
D5 and the resistance R5 is decreased in proportion to 
the output voltage Vcc3 as shown in FIG. 3. At the 
same time, the switching diode D4 is placed in the ON 
state, and the diode D3 and the reverse switching tran- 
sistor Tr3 are placed in the OFF state. Accordingly, the 
switching transistor Tr2 is quickly placed in the ON 
state, and the current control transistor Trl is placed in 
the cut-off state before the rectifying voltage Vccl is 
decreased less than the DC voltage Vcc2 which is ap- 
plied to the load L. 

As described above, in the above power ON-OFF 
control circuit, the switching transistors Tr2 and Tr3 
are inserted and connected to the base circuit of the 
current control transistor Trl for the power stabilizing 
circuit in series, and the current control circuit Trl is 
turned ON or OFF by supplying the "H" or "L" level 
control signal, respectively, to the base of the switching 
transistor Tr3, so that the supply of the power voltage 
Vcc2 to the load L is controlled to be stopped or contin- 
ued. Further, the Zener diode D5 and the resistance R5 
are operated to detect whether the power voltages 
Vccl and Vcc2 are inputted, If the voltages Vcc2 and 
Vcc3 are not inputted, by switching ON the switching 
diode D4, the transistor Tr3 is placed in the OFF state 
and the transistor Tr2 is placed in the ON state, so that 
the current control transistor Trl is quickly placed in 
the OFF state. Therefore, the supply voltage Vcc2, 
without the vibration is applied to load L even when the 
power voltage Vccl is decreased with the vibration. If 
the power ON-OFF control circuit of the present in- 



transistor Tr3 is placed in the ON state and the electric 40 vention is applied to the load L such as an electronic 



potential of the base of the swtiching transistor Tr2 is 
decreased, so that the transistor Tr2 is placed in the 
cut-off state. The current control transistor Trl is 
placed in the ON state acording to the cut-off state of 
the switching transistor TrZ Accordingly, the stabi- 45 
lized DC voltage Vcc2 is produced and introduced into 
the emitter of the current control transistor Trl, and the 
stabilized DC voltage Vcc2 is applied to the load L. 

On the contrary, when the "L" level control signal is 
applied to an anode of the diode D3 through the resis- 50 
tance R4, the diode D3 and the reverse switching tran- 
sistor Tr3 are placed in the cut-off state. When the diode 
D3 and the reverse switching transistor Tr3 are placed 
in the cut-off state, a voltage at the base of the switching 
transistor Tr2 is increased, so that the switching transis- 55 
tor Tr2 is placed in the ON state. Therefore, the electric 
potential at the base of the current control transistor 
Trl is decreased, and the current control transistor Trl 
is placed in the cut-off state. Finally, the supply of the 
power voltage to the load L is stopped. 60 

In this embodiment, the current control transistor 
Trl is placed in the ON or OFF state according to the 
4S H" or "L" level control signal, respectively, so that 
the supply of the power voltage to the load L is con- 
trolled. 65 

In the condition that the "H" level control signal is 
applied to the base of the switching transistor Tr3 
through the resistance R4 and the diode D3, in other 



apparatus included a memory, memory contents of the 
memory is protected from being destroyed by a voltage 
change when the power is turned on or off, and the 
memory may function correctly. 

The power ON-OFF control circuit of the present 
invention may be applied to television receiver, or the 
like. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifica- 
tions are intended to be included within the scope of the 
following claims. 

What is claimed is: 

1. A power ON/OFF control circuit comprising: 
power supply means for providing an input voltage to 

an electronic apparatus; 
dividing means for producing two output voltages 

from said input voltage wherein one of said output 

voltages is a reference voltage and a second of said 

output voltages is a driving voltage; 
detection means for detecting the presence or absence 

of said reference voltage; 
stabilizing means for stabilizing said driving voltage 

and applying said stabilized driving voltage to a 

load; 

control means, operatively connected to said detect- 
ing means, for producing control signals in re- 
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sponse to the presence or absence of an input volt- 
age or the detection of said reference voltage by 
said detecting means; and 
switching means for turning said stabilizing means 
ON and OFF wherein said switching means is 
operatively connected to said control means and 
will turn OFF said stabilizing means when said 
control signals indicate an absence of said reference 
voltage or an absence of said input voltage. 



2. The circuit of claim 1, wherein the stabilizing 
means includes a transistor. 

3. The circuit of claim 1, wherein the control means 
includes a switching transistor. 

5 4. The circuit of claim 1, wherein the detecting means 
includes a Zener diode and a resistance. 

5. The circuit of claim 1, wherein the switching 
means includes a switching diode. 

6. The circuit of claim 2, wherein the transistor is 
10 quickly placed in the cut-off state when the input volt- 
age is interrupted. 
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ABSTRACT 



An electric motor assembly comprises a housing and a 
spindle disposed to rotate in the housing. A motor is pro- 
vided which comprises a stator coupled to the housing, and 
a rotor rotatably disposed within the stator such that the rotor 
is disposed about the spindle. The assembly further includes 
an output driver, and a gear system operably coupled to the 
rotor and the output driver to rotate the output driver upon 
operation of the motor. 
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ELECTRIC BICYCLE AND METHODS 

BACKGROUND OF THE INVENTION 

[0001] The invention relates generally to the field of 
cycles, and in particular to bicycles. More specifically, the 
invention relates to an electric assist bicycle which is 
configured to maximize the efficiency of the motor and to 
prolong the life of the battery which supplies electrical 
current to the motor. 

[0002] Over the last 150 years, the bicycle has evolved to 
become one of the most efficient means of transportation in 
terms of conversion of energy into distance traveled. For 
example, most modern bicycles require only about 400 watts 
(¥2 horsepower) to propel the bicycle at 15 m.p.h. on level 
ground. The efficiency of the bicycle has also been opti- 
mized to minimize the effort required by the rider. For 
instance, most modern bicycles include an efficient gear 
system to minimize rider effort. 

[0003] To further reduce the amount of human effort 
required to propel a bicycle, a variety of electric bicycles 
have been introduced. Presently, about 50 to 100 companies 
are producing or are planning to produce electric bicycles. In 
most cases, however, such bicycles do not utilize the effi- 
ciency of the bicycle through the use of mechanical gears. 

[0004] The hi] man muscle and modern battery are similar 
in their ability to produce power from stored energy. Simi- 
larly, both are able to produce more energy by keeping the 
torque per stroke low and the frequency high. 

[0005] The human muscle is able to function in two states: 
anaerobic or aerobic. In anaerobic contraction, the muscle 
utilizes stored ATP fuel to power the muscle without the 
need for oxygen. In this case, the muscle can produce large 
amounts of energy for a short duration. The byproduct of this 
high energy output is lactic acid. As muscle contraction 
continues in an anaerobic state, the lactic acid in the muscle 
builds until it inhibits further muscle contraction. After a 
period of rest, the lactic acid is removed from the muscle by 
the blood system and muscle contraction can continue 
(assuming a sufficient store of ATP fuel). Aerobic muscle 
contraction allows for extended periods of exertion, but at a 
lower level of power than anaerobic exercise. In aerobic 
exercise, sufficient oxygen is supplied to the muscle so that 
the muscle is able to use the soluble fat in the blood as the 
primary fuel. 

[0006] The gears of modern bicycle allow the rider to 
exercise the muscle in the aerobic range to allow continuous 
long distance riding. The gears are utilized to keep the 
rider's pedal speed at a high rotating speed (usually between 
about 60 to 100 rpm). At higher pedaling speeds, the force 
output for muscle contraction is low so that the muscle is 
able to stay in the aerobic region. 

[0007] The original bicycle used a single fixed gear ratio 
(similar to most electric bicycles) and was severely limited 
in its ability to negotiate steep terrain. The number of gears 
on a bicycle has evolved so that the present mountain bike 
has up to 27 gears to allow for riding on a variety of terrains. 

[0008] Similar to the human muscle, the modern battery 
has an efficient and an inefficient region. The battery delivers 
current to the motor, which produces torque in the motor. 
The motor torque increases linearly with motor current. 
High currents are inefficient. 



[0009] At high current discharge rates, the battery expe- 
riences problems similar to lactic acid buildup in the human 
muscle. More specifically, in the battery, hydrogen gas is 
formed on the charge plate. Hydrogen gas acts as a barrier 
to the transfer of electrons. As the high current discharge 
continues, the hydrogen continues to build on the plates until 
the battery is unable to deliver current. 

[0010] Another important issue to consider at high current 
discharge rate is that the run time of the battery is reduced 
exponentially with linear increases in motor current. Further, 
motor thermal losses are experienced which increase with 
the square of the motor current. Hence, increased motor 
current wastes available energy two non-linear ways, i.e., 
battery losses and motor resistance losses. 

[0011] As one example, a motor mounted directly to the 
rear wheel on the bicycle has only a fixed gear ratio. Hence, 
to obtain a four times increase in torque, the motor current 
must be increased by four times. However, the four times 
increase in the motor current increases motor resistive losses 
by 16 times and thus results in a significant loss in battery 
run time and reduction in motor efficiency. 

[0012] The available power from the battery is an expo- 
nential function of the rate of current use. Hence, as current 
discharge increases, the available energy from the battery 
decreases exponentially. Hence, as more torque is required 
to move the bicycle (such as during hill climbing or accel- 
eration), more current will be required, thereby exponen- 
tially decreasing the available power from the battery. 

[0013] Hence, it would be desirable to provide improved 
electrically assisted bicycles and methods for their use 
which would overcome or greatly reduce these and other 
problems. The electric bicycles of the invention should be 
configured to maximize the efficiency of the motor, mini- 
mize current use, and thus maximize battery life. It would be 
desirable if such features could be accomplished by mini- 
mizing the required torque while keeping the rotational rate 
of the motor as high as possible. Preferably, the electric 
bicycles of the invention will employ the use of a gear 
system so that torque may be minimized, especially during 
hill climbing and acceleration. It would further be desirable 
if the electric bicycles of the invention provided for auto- 
matic shifting to keep the motor speed near maximum output 
while minimizing torque. In another aspect, it would be 
desirable if such electric bicycles were able to operate using 
either the motor or the pedals in a parallel manner. At the 
same time, it would be preferable if such electric bicycles 
employed the use of a motor which did not turn the crank 
arms. Such electric bicycles and methods should also be 
compatible with conventional bicycle equipment, such as 
derailleurs so that shifting may be accomplished with mini- 
mal modification to existing bicycles. Finally, it would be 
preferable to incorporate the batteries into the bicycle in a 
manner such that the overall appearance of the bicycle is 
aesthetically pleasing, such the batteries are protected, and 
such that the bicycle is provided with a low center of gravity. 

SUMMARY OF THE INVENTION 

[0014] The invention provides exemplary electric motor 
assemblies, electrically assisted bicycles, and methods for 
their use. In one exemplary embodiment, the invention 
provides an electric motor assembly which comprises a 
housing and a spindle that is disposed to rotate in the 
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housing. A motor is disposed within the housing and com- 
prises a stator coupled to the housing and a rotor rotatably 
disposed within the stator such that the rotor is disposed 
about the spindle. The motor assembly further includes an 
output driver, and a gear system operably coupled to the 
rotor and the output driver to rotate the output driver upon 
operation of the motor. 

[0015] The disposition of the motor and output driver 
within the housing is advantageous in that it facilitates 
packaging and manufacturing of the motor assembly. Pref- 
erably, the spindle is aligned with a central axis of the 
housing, with the rotor being concentrically disposed about 
the spindle, and the stator being concentrically disposed 
about the rotor. Such a configuration allows for a compact 
design to allow the motor to conveniently fit within the 
housing. 

[0016] In another particularly preferable aspect, a front 
sprocket assembly is operably coupled to the output driver 
such that the sprocket assembly rotates upon rotation of the 
output driver. By having the motor turn the sprocket assem- 
bly, the motor assembly may be used in connection with 
mechanical gears of the modern bicycle to minimize the 
amount of torque required, thereby greatly increasing bat- 
tery life. 

[0017] In another particular aspect, the gear system is 
coupled to a motor driver. The motor assembly further 
includes a first clutch to engage the motor driver with the 
output driver when the motor driver is rotated faster than the 
output driver. In this way, when the rider is pedaling at a rate 
which causes the output driver to rotate faster than the motor 
is turning the motor driver, the first clutch will not engage 
the motor driver with the output driver. Hence, the rider is 
able to pedal the bicycle and not turn the motor. Conversely, 
if the motor turns the motor driver at a rate which is faster 
than the rider is pedalling, the first clutch is engaged so that 
the motor causes the output driver (and hence the sprockets) 
to rotate. Optionally, another clutch mechanism may be 
provided which allows the rider to engage the clutch during 
pedaling for regenerative charging of the battery. 

[0018] In yet another aspect, a crank arm is coupled to the 
spindle, and a pedal is coupled to a crank arm. A second 
clutch is also provided to engage the crank arm with the 
output driver when the crank arm is rotated faster than the 
output driver (thereby releasing the first clutch) so that the 
rider's legs cause rotation of the output driver. Use of the 
second clutch is also advantageous because, when the motor 
is turning the output driver, the second clutch will ensure 
that the crank arm is disengaged. In this way, the motor is 
able to turn the sprocket assembly but not the crank arms. 
Preferably, the first clutch and the second clutch are coaxi- 
ally aligned with an axis of the spindle to allow for pack- 
aging of the motor in the small space available between the 
crank arms. 

[0019] In yet another aspect, the gear system comprises a 
set of planetary gears to rotate the output driver at a rate of 
rotation that is less than the motor. Preferably, the gears are 
configured so that the output speed of the motor is matched 
to the range of the human leg. For example, the planetary 
gears are preferably configured so that when the rate of 
rotation of the motor is in the rate from about 1,800 rpm to 
about 3,600 rpm, the rate of rotation of the output driver is 
in the range from about 60 rpm to about 120 rpm. In a 



specific aspect, the motor speed is approximately 2400 rpm 
and is employed to turn the crank arms at a rate of about 75 
rpm. Such a gear reduction facilitates use of either the motor 
or pedal power to drive the bicycle. The motor is preferably 
operated at or near its maximum output level to maximize 
the efficiency of the motor and minimize current use, thereby 
prolonging the life of the battery. Operating the motor at or 
near its maximum output level is also advantageous in that 
the motor is able to generate more power at higher rates of 
rotation. 

[0020] In still yet another aspect, the motor comprises a 
brushless DC motor. Such a motor is preferable because it 
provides superior cooling and a high power output. Alter- 
natively, a brushed or SR motor may be used. 

[0021] In one particular aspect, at least one bearing assem- 
bly is coupled to the housing and disposed about the spindle. 
In this way, the pedals are free to turn when operated by a 
rider. Use of the bearing assembly is also advantageous in 
that the crank spindle is used to support the rotor and the 
planetary gears. Another bearing assembly is preferably 
disposed between the rotor and the spindle so that rotation 
of the rotor is generally prevented upon rotation of the 
spindle by the crank arm. In this way, the rider may pedal the 
bicycle without turning the motor. Also, this bearing assem- 
bly prevents the spindle, and therefore the crank arms, from 
rotating when the motor is operating. 

[0022] The invention further provides an exemplary cycle 
which comprises a frame having a bottom bracket. At least 
one wheel is operably coupled to the frame. The bicycle 
further includes a motor assembly that is disposed within the 
bottom bracket. Preferably, the motor assembly is con- 
structed to be similar to the motor assembly just described. 
A first sprocket assembly is coupled to the output driver of 
the motor assembly such that the sprocket assembly rotates 
upon rotation of the output driver. A second sprocket assem- 
bly is coupled to the wheel, and a chain is coupled between 
the first sprocket assembly and the second sprocket assem- 
bly to rotate the wheel upon rotation of the output driver. 

[0023] The disposition of the motor assembly in the bot- 
tom bracket is particularly advantageous in that the motor is 
housed at a low center of mass of the cycle. Advantageously, 
the motor is not disposed on the wheel which may otherwise 
add unsprung mass and cause poor suspension and handling 
and added rotational dynamics. By packaging the motor in 
the bottoming bracket, the motor is extremely efficient. 

[0024] In one particularly preferable aspect, the frame 
defines a cavity, and at least one battery is housed within the 
cavity and is electrically coupled to the motor. Preferably, 
the bicycle frame is constructed of a monocoque design 
having a hollow center for receiving the battery. In this way, 
the battery may be mounted in front of the bottom bracket 
motor and low on the bicycle frame so that the center of 
mass of the bicycle is low. Further, such a configuration 
allows the battery to be loaded from the bottom of the 
bicycle and allows for easy removal. Further, the battery 
pack and its supports becomes an integral part of the 
structural strength of the frame when secured within the 
frame. 

[0025] In another aspect, the second sprocket assembly 
includes multiple gears, and a shifting mechanism is pro- 
vided to move the chain between the gears. In this way, the 
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bicycle may be shifted between gears to minimize the 
required torque. In turn, less current is required so that the 
life of the battery may be prolonged. Conveniently, a con- 
troller may be provided to control actuation of the shifting 
mechanism based on the rotational wheel speed and the 
rotational speed of the first sprocket assembly. In this way, 
the motor may be kept at a maximum speed by shifting the 
gears. In this manner, the efficiency of the motor is maxi- 
mized. 

[0026] Advantageously, due to the first clutch in the motor, 
the chain may be shifted between the gears of the second 
sprocket assembly while the cycle is coasting. This is 
because the motor is able to turn the front sprocket assembly 
while the cycle is coasting (and without turning the pedals). 
Such a feature is advantageous in that the cycle is able to be 
placed in the appropriate gear which corresponds to the 
current wheel speed. Further, by the time the rider comes to 
a stop, the controller has placed the chain in the lowest gear 
so that starting torque and acceleration may be increased. 
Similarly, when climbing hills, the controller may be 
employed to shift down so that more torque may be provided 
to the rear wheel without using excessive current. 

[0027] Conveniently, the shifting mechanism may com- 
prise a derailleur and a cable that is coupled to the derailleur. 
A stepper motor is provided and has a lead screw to tension 
the cable based on signals received from the controller. In 
this way, the cycle may include a standard derailleur which 
in turn is employed to shift the gears when the cable is 
moved by the stepper motor upon receipt of signals from the 
controller. 

[0028] In yet another aspect, the cycle includes a throttle 
to control the speed of the motor. Conveniently, the throttle 
may comprise a potentiometer that is mounted within a 
handlebar. Irie use of an internal potentiometer is particu- 
larly advantageous in that it does not interfere with conven- 
tional bicycle shift mechanisms which may optionally be 
employed to shift the chain between the gears. 

[0029] In one particular aspect, a swing arm is pivotally 
coupled to the frame, and the wheel is attached to the swing 
arm. A suspension mechanism is also disposed between the 
swing arm and the frame. Such a configuration is made 
possible by including the motor in the bottom bracket so that 
it does not interfere with the rear suspension. 

[0030] The invention further provides an exemplary 
method for operating a cycle. According to the method, the 
cycle has a frame and at least one wheel coupled to the 
frame. A front sprocket assembly is rotatably coupled to the 
frame and a rear sprocket assembly is coupled to the wheel. 
A chain is positioned between the first sprocket assembly 
and the second sprocket assembly. A motor assembly is 
provided and has a motor driver to turn the first sprocket 
assembly and a crank arm to turn the first sprocket assembly. 
Such a cycle is operated by actuating the motor and option- 
ally turning the crank arm. The motor is engaged to turn the 
first sprocket assembly if the motor driver is turning faster 
than the first sprocket assembly. However, if the crank arm 
is rotated faster than the first sprocket assembly, the crank 
arm is engaged with the first sprocket assembly. In this way, 
the rider may choose to have the motor drive the bicycle 
simply by not turning the crank arm. When the rider wishes 
to operate the bicycle using human leg power, the rider 
simply turns the crank arm until the first sprocket assembly 



is rotating faster than the motor driver. Preferably, when the 
rider begins to turn the crank arm, such action will not cause 
the motor to rotate. 

[0031] In one particular aspect of the method, a second 
sprocket assembly includes multiple gears. In this way, the 
gears are shifted to maintain the motor speed at a near 
maximum output level while the front sprocket assembly 
rotates at a rate within the range of the human leg. In this 
way, the user is able to take over propulsion of the cycle by 
simply pedaling faster than the motor driver as previously 
described. Preferably, the motor is operated at a rate in the 
range from about 1,800 rpm to about 3,600 rpm, and the 
front sprocket assembly is turned at a rate in the range from 
about 60 rpm to about 120 rpm. 

[0032] In one particularly preferable aspect, the gears are 
shifted without turning the crank arm. This is made possible 
by having the motor turn the front sprocket assembly 
without turning the crank arm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a schematic side view of an exemplary 
electric assist bicycle according to the invention. 

[0034] FIG. 1A is a cross sectional view of a frame of the 
bicycle of FIG. 1 taken along lines A-A. 

[0035] FIG. IB is a cross sectional view of an alternative 
frame for holding a rectangular battery pack. 

[0036] FIG. 2 is an exploded perspective view of an 
exemplary electric motor assembly of the bicycle of FIG. 1. 

[0037] FIG. 3 is a cross-sectional side view of the motor 
of FIG. 2 

[0038] FIG. 4 is a cross-sectional end view of the motor 
of FIG. 3 taken along lines 4-4. 

[0039] FIG. 5 is a cross-sectional end view of the motor 
of FIG. 3 taken along lines 5-5. 

[0040] FIG. 6 is a cross-sectional side view of a throttle 
assembly of the bicycle of FIG. 1 according to the invention. 

[0041] FIG. 6A is an end view of the throttle assembly of 
FIG. 6. 

[0042] FIG. 7 is a schematic diagram of an exemplary 
shifting system according to the invention. 

[0043] FIG. 8 is a schematic view of the electronic 
circuitry employed in the bicycle of FIG. 1. 

DETAILED DESCRIPTION OF THE SPECIFIC 

EMBODIMENTS 

[0044] The invention provides exemplary electric assisted 
bicvcles as well as motor assemblies for use with such 
bicycles. Although described primarily in terms of bicycles, 
it will be appreciated that the principles of the invention may 
be used with any type of cycle. One important feature of the 
invention is that it includes a motor/gear reduction assembly 
that is an integral part of the bicycle bottom bracket and is 
employed to drive the front sprockets directly by use of a 
motor driver. By directly driving the front sprockets, the 
motor may take full advantage of the large range of 
mechanical gear reductions common to the modern bicycle. 
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Use of such gear reductions allows for the efficiency of the 
electric motor and battery to be maximized. 

[0045] The electric motors of the invention are configured 
to use a minimal amount of current. Because the available 
energy from the battery decreases exponentially with current 
discharge, the motors of the invention are able to signifi- 
cantly increase the operating time of the batteries. For 
example, by utilizing the large range of mechanical gear 
reductions in the modern bicycle, the required torque to 
drive the bicycle is kept at a minimum. Since motor torque 
increases linearly with motor current, the invention is able to 
utilize the mechanical gear reductions to keep torque, and 
hence the required current, as low as possible. 

[0046] Configuration of the bicycles of the invention in 
this manner provide significant advantages over prior art 
electric bicycles. For example, bicycles having a motor 
mounted directly to the rear wheel have only a fixed gear 
ratio. As such, to obtain a four times increase in torque, the 
motor current must be increased by four times. The motors 
of the present invention utilize the 4.5:1 gear ratios of the 
modern bicycle to produce a four times increase in wheel 
torque with no increase in current, and no decrease in 
efficiency. 

[0047] Conveniently, the bicycles of the invention may 
employ the use of a controller or microprocessor to accom- 
plish automatic shifting. In this way, the efficiency of the 
motor is optimized by constantly shifting to the correct gear 
to reduce the amount of torque required to drive the bicycle. 
Further, by utilizing the mechanical gear reductions of the 
modern bicycle, the motor may be operated near its maxi- 
mum output level. In this way, the motor is able to operate 
in its most efficient range to further decrease the amount of 
motor and battery current losses. 

[0048] Another important feature of the bicycles of the 
invention is that they are able to operate using either electric 
power or human power, thereby increasing the overall 
efficiency of the bicycle. One particular feature of the 
invention is that the motors include a gear reduction assem- 
bly thai turns the front sprockets at a rate which is compa- 
rable to the rate at which a rider would turn the front 
sprockets. This configuration provides a way to easily 
change between electric power control and human power 
control of the bicycle. Conveniently, the motors of the 
invention may include a clutch mechanism which allows the 
rider to use human power simply by pedaling faster than the 
output of the motor. Conversely, when the rider stops 
pedaling, the motor will be engaged to drive the front 
sprockets. 

[0049] The motors of the invention are preferably config- 
ured so that when the rider pedals to turn the front sprockets, 
such pedaling does not turn the motor. Still another feature 
of the motors of the invention is that the crank spindles are 
not rotated by the motor, but only by the rider. 

[0050] One particular advantage of utilizing the mechani- 
cal gear reductions of the modern bicycle is that such a 
transmission has been optimized to be extremely efficient. 
By coupling the motor of the invention with this transmis- 
sion, great efficiencies are achieved. Further, the motors of 
the invention are preferably configured so that they are 
simple in their design to reduce internal factional losses to 
further increase the efficiency of the motors. In one exem- 



plary embodiment, both the motor and the gear reduction 
assembly are concentrically disposed about the crank 
spindle so that the resulting motor assembly is both simple 
in its design and efficient. Further, such a design is compact 
and lightweight to allow it to easily fit within the bottom 
bracket of the bicycle. 

[0051] By utilizing the motors of the present invention 
with the mechanical gear reductions of the modern bicycle, 
other advantages are also provided. For example, the 
bicycles of the invention are able to provide adequate hill 
climbing ability and acceleration, while other electric 
bicvcles which utilize a motor in the hub or a friction device 
which couples the motor directly to the tire, have a fixed gear 
ratio and cannot provide adequate hill climbing ability or 
acceleration. Moreover, as previously described, the 
bicvcles of the invention are able to minimize torque, and 
thereby minimize current, when climbing hills and rapidly 
accelerating. 

[0052] By employing the electric motors of the invention 
to directly turn the front sprockets, the bicycles of the 
invention may use conventional derailleurs or shifting 
mechanisms. This is because the rotating front sprockets 
drive the chain as with a conventional bicycle. Conveniently, 
the controllers or microprocessors of the bicycles may be 
coupled to an actuator which shifts the gears to optimize the 
performance of the bicycle. 

[0053] Another feature of the invention is that it may 
employ the use of a throttle that does not interfere with 
shifting mechanisms on the handle bar, such as a Shimano 
type SIS rapid fire lever. Preferably, the throttles include a 
potentiometer or other sensing device that is internally 
disposed within the handlebar so that it does not interfere 
with a conventional shifting mechanism that is coupled to 
the handle bar. The potentiometers may be actuated by 
rotating the handle grip or by applying pressure to the grip. 
As the rider rotates the potentiometer or increases the 
pressure on the potentiometer, the speed of the bicycle 
increases. 

[0054] Another feature of the bicycles of the invention is 
that they may be provided with a monocoque frame which 
includes a cavity which allows the batteries to be held 
directly in front of the bottom bracket while being disposed 
as close to the bottom bracket as possible. In this way, the 
center of gravity in the bicycle is moved to the lowest 
possible point. In turn, this improves the handling and 
minimizes the effect of the additional weight of the battery. 
Further, the battery pack may be secured to the frame to 
become an integral structural part of the frame. Another 
advantage of positioning the battery in the frame and includ- 
ing the motor in the bottom bracket is that the motor 
becomes a part of the swing arm and allows for the use of 
a rear suspension. The motor may also be attached to the 
frame (in the bottom bracket) to also allow for the swing 
arm. 

[0055] The bicycles of the invention may optionally 
include a smart controller to monitor motor current and limit 
the motor output to provide different levels of efficiency and 
acceleration in response to rider input. The bicycles may 
also include a motor controller that allows for high accel- 
eration torque, e.g., up to about 10 times the normal riding 
torque. Excessive heat generation in the motor may be 
limited by the smart controller that tapers off the current 
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during a short programmed time. A thermal sensor may also 
be mounted in the motor so that the smart controller may 
monitor the temperature of the motor and adjust the maxi- 
mum current to prevent overheating of the motor. 

[0056] The bicycles of the invention may also employ the 
use of a torque sensor so that motor torque can be a multiple 
of the rider torque as required by many national laws 
governing electric bicycles. Further, the motor controller 
may be programmed so that the motor does not begin turning 
until the rider begins turning the pedals at a certain rate of 
revolution. In this way, the efficiency of the battery may be 
improved since human power is required to initially accel- 
erate the bicycle. 

[0057] In still another feature, the bicycles of the invention 
may be configured to have the motor voltage modulated with 
a pulse width modulation. In this way, the motor maximum 
voltage is kept below the minimum battery voltage so that 
the top speed of the bicycle does not decrease as battery 
voltage decreases. Preferably, this will be about 20% of the 
maximum battery voltage. 

[0058] Referring now to FIG. 1, an exemplary embodi- 
ment of an electric assist bicycle 10 will be described. 
Bicycle 10 comprises a frame 12 to which a front wheel 14 
and a rear wheel 16 are coupled. Also coupled to frame 12 
is a handlebar assembly 18 and an adjustable seat 20. As 
shown, bicycle 10 is a mountain-type bicycle and includes 
a front suspension 22 and a rear suspension 24 as is known 
in the art. However, it will be appreciated that the electric 
assist features of the invention may be used with essentially 
any type of bicycle and is not limited to mountain-type 
bicycles. 

[0059] Bicycle 10 further includes a swing arm 26 which 
is pivotally coupled to frame 12. Use of swing arm 26 is 
advantageous in that suspension 24 may more effectively be 
utilized. At the bottom of swing arm 26 is an electric motor 
assembly 28. Motor assembly 28 includes one or more gears 
which define a front sprocket assembly 30. Rear wheel 16 
includes a plurality of gears defining a second sprocket 
assembly 31. As is known in the art, a chain is coupled to the 
first sprocket assembly and the second sprocket assembly so 
that as the first sprocket assembly is turned, rear wheel 16 
will be turned. Further, associated with front sprocket 
assembly 30 and rear sprocket assembly 31 are front and rear 
derailleurs, respectively, for moving the chain between the 
various gears of the front sprocket assembly and the rear 
sprocket assembly as is known in the art. Although not 
shown, front and rear brakes are preferably also included as 
is known in the art to slow or stop the bicycle. Optionally, 
actuators for actuating the derailleurs and the brakes may be 
mounted on handlebar assembly 18. 

[0060] Coupled to front sprocket assembly 30 are a pair of 
crank arms 32 to which a pair of pedals 34 are coupled as is 
known in the art. In this way, a rider is able to turn pedals 
34 to rotate front sprocket assembly 30. This then moves the 
chain to turn rear sprocket assembly 31 and thereby turn the 
rear wheel 16. 

[0061] As described in greater detail hereinafter, bicycle 
10 may be placed in a manual mode where wheel 16 is 
turned only by operation of pedals 34. Alternatively, bicycle 
10 may be placed in an automatic mode where motor 
assembly 28 serves to turn rear wheel 16. Finally, bicycle 10 



may be configured so that the rider may choose to have 
motor assembly 28 operate the bicycle or the user may 
choose to manually operate the bicycle simply by turning 
pedals 34 faster than the motor assembly is able to rotate 
front sprocket assembly 30. 

[0062] As shown, frame 12 is of monocoque design and 
includes a central cavity for holding a battery pack 36. 
Battery pack 36 is electrically coupled to motor assembly 28 
and provides the necessary power to operate the motor 
assembly. Various electronics 38, including a controller 38a 
and a battery charger 38/?, are also disposed within the 
central cavity of frame 12 and serve to control the various 
electrical features of the bicycle as described in greater detail 
hereinafter. Preferably, frame 12 is constructed to have an 
opening at a bottom end 40 into which battery pack 36 and 
the electronics 38 are inserted. However, frame 12 may have 
other openings to provide access to the battery, including the 
top end and the sides. Wires 47 extend from battery pack 36 
to motor assembly 28 so that electrical current may be 
provided to motor assembly 28. Electronics 38 also includes 
battery recharger 38b having a 110 V plug 41 which is held 
by a power cord retraction mechanism 45. In this way, plug 
41 is retractable to allow plug 41 to conveniently be plugged 
into a conventional power outlet to recharge battery pack36. 

[0063] Use of the monocoque design is advantageous in 
that frame 12 is aesthetically pleasing in appearance. The 
monocoque design also provides significant structural sta- 
bility for bicycle 10. Also, mounting bolts 43 are employed 
to secure battery pack 36 to frame 12 to increase the 
structural stability of the bicycle. Further, this design allows 
battery pack 36 to be placed as low as possible on bicycle 10 
so that the center of gravity of bicycle 10 is also low to 
further increase the stability of bicycle 10. As previously 
mentioned, use of the monocoque design allows for the use 
of swing arm 26 to be pivotally coupled to frame 12 to 
improve the suspension of bicycle 10. As still another 
advantage, the monocoque design provides protection to 
battery pack 36 from external impact blows and from the 
environment. Still further, the monocoque design allows 
more room for the battery pack because there are not frame 
tubes to interfere with the location of the batteries as with 
conventional bicycle frames. 

[0064] Frame 12 is preferably constructed to have an 
aerodynamic design. As shown in FIG. 1A, battery pack 36 
may conveniently be constructed of cylindrical batteries (or 
cells) 37 to facilitates the aerodynamic design. Use of 
cylindrical batteries is also advantageous in that cooling 
spaces are provided around the batteries. It will be appre- 
ciated, however, that other battery shapes may be used. For 
example, as shown in FIG. IB, frame 12' may have a 
rectangular interior to hold a rectangular lead acid battery. 

[0065] Battery pack 36 is preferably constructed of two or 
more lead acid type batteries, commercially available from 
a variety of companies, such as Hawker. Such batteries are 
typically rated at 12 volts each and are able to deliver 100 
amps of current. Such batteries typically weigh about 10.8 
lbs. each, and are able to operate about one hour between 
recharges, assuming the bicycle is operating on level 
ground. However, it will be appreciated that other battery 
types may be used. For example, as previously described in 
connection with FIG. 1A, cylindrical batteries, such as 
NiMH or NiCAD with 1.2 volts/cell and with 30 cells, may 
also be used. Such a package of 30 cells weighs about 17 lbs. 
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[0066] Bicycle 10 preferably also includes a display panel 
that is mounted to handlebar assembly 18. The display panel 
includes various displays and switches which are coupled to 
electronics 38 by a control wire 49 to facilitate operation of 
the bicycle 10 as described in greater detail hereinafter. 

[0067] Referring now to FIGS. 2 and 3, construction 
motor assembly 28 will be described. Although hidden from 
view, electric motor assembly 28 is disposed within a bottom 
bracket of swing arm 26. In this way, the weight of the motor 
assembly is disposed as low as possible on bicycle 10 to 
lower its center of gravity. Further, by providing a simple 
design, the motor assembly is able to fit within the bottom 
bracket, thereby further enhancing the physical appearance 
of the bicycle. 

[0068] Motor assembly 28 includes a number of compo- 
nents which are coaxial with a main spindle 42. Further, 
main spindle 42 is also coaxial with the bottom bracket of 
the bicycle frame. Main spindle 42 which passes through the 
entire motor assembly, and is supported by left and right 
spindle bearings 44 and 46, respectively. (See FIG. 3.) The 
outside diameter of left spindle bearing 44 is mounted to a 
main housing 48. Main housing 48 is employed to house 
most of the components of the motor assembly and conve- 
niently fits within the bottom bracket of the bicycle as 
previously described. Right spindle bearing 46 is mounted in 
an output driver 50. Coupled to main spindle 42 is a left 
crank arm 52 and a right crank arm 54. Crank arms 52 and 
54 are coupled to spindle 42 with a tapered positive engage- 
ment and by the use of screws 56 which arc screwed into 
threaded slots 58 in main spindle 42. 

[0069] Motor assembly 28 further includes a motor rotor 
assembly 60 which is mounted to the outside diameter of 
rotor ball bearings 62. (See FIG. 3.) A motor magnet 64 is 
fixed to motor rotor assembly 60. The inner diameter of rotor 
ball bearings 62 are mounted on spindle 42. Motor rotor 
assembly 60 is free to rotate independent of spindle 42 as 
well as crank arms 52 and 54 which are mounted to spindle 
42. A motor stator 66 is fixed to main housing 48. A plurality 
of motor control wires 68 exit through main housing 48. A 
circuit board 70 (see FIG. 3) having position sensing 
devices is mounted to a left side of main housing 48. 

[0070] A first planet sun gear 72 is mounted directly to the 
right side of motor rotor assembly 60. The outer diameter of 
first planet sun gear 72 is meshed with three first planet gears 
74. The three first planet gears 74 are mounted on ball 
bearings 76. The inner diameter of ball bearings 76 are 
mounted to shafts 78. The ends of shaft 78 are mounted to 
the flange of a second sun gear 80. 

[0071] The outside diameter of second sun gear 80 is 
meshed with three second planet gears 82. Second sun gear 
80 is supported on spindle 42 by bearings 84. The outer 
diameters of first planet gears 74 and second planet gears 82 
are meshed with a ring gear 86. Ring gear 86 is machined 
directly into main housing 48. The inner diameters of the 
second planet gears 82 are mounted to ball bearings 88. (See 
FIG. 3.) The inner diameter of ball bearings 88 are mounted 
to shafts 90. Shafts 90 are attached to a motor output driver 
ring 92. Motor output driver ring 92 is supported by the inner 
diameter of bearing 94 as also shown in FIG. 4. The outer 
diameter of bearing 94 is mounted to a housing end cap 96. 

[0072] Although motor assembly 28 is shown with bear- 
ings 94, it will be appreciated that bearing 94 may be 



eliminated. In such a case, motor assembly 28 may be 
modified so that a bearing surface is provided between 
motor output driver ring 92 and output driver 50 in a manner 
similar to that described in U.S. Pat. No. 5,570,752, the 
disclosure of which is herein incorporated by reference. 

[0073] Output driver 50 is supported by bearings 98. The 
outer diameter of bearings 98 are mounted in housing end 
cap 96. Mounted in the right end of output driver 50 is a 
crank driver ring 100. Mounted in right crank arm 54 are 
crank ratchet pawls 102, as also shown in FIG. 5. Ratchet 
pawls 102 are employed to engage crank driver ring 100 as 
described in greater detail hereinafter. 

[0074] Mounted in the left outside diameter of output 
driver 50 are a plurality of driver ratchet pawls 104 which 
are employed to engage motor output with driver ring 92 as 
described in greater detail hereinafter. The right outside 
diameter of output driver 50 is attached to a sprocket support 
106. Sprocket support 106 is attached to front drive sprock- 
ets 108. 

[0075] Electric motor assembly 28 is advantageous in that 
it allows bicycle 10 to be operated in three modes. The first 
mode is pedal only power. The second mode is motor only 
power, and the third mode is a variable combination of both 
pedal and motor power. For pedal only power, pedalling of 
crank arms 52 and 54 by the rider causes the front sprockets 
108 to rotate without rotating motor rotor assembly 60. In 
this way, significant friction losses to riding the bicycle are 
eliminated. 

[0076] When crank arms 52 and 54 are rotated by the rider, 
spindle 42 rotates freely in bearings 44 and 46. Motor rotor 
assembly 60 does not rotate due to bearings 62. Further, 
second sun gears 80 do not rotate because of bearings 84. 
The rotation of crank arm 54 causes crank ratchet pawls 102 
to engage crank driver ring 100. This causes output driver 50 
to rotate. Sprocket support 106 and sprockets 108 rotate with 
output driver 50. The rotational speed of sprockets 108 and 
crank arms 52 and 54 arc the same. 

[0077] The rotation of output driver 50 docs not cause 
motor output driver ring 92 to rotate because driver ratchet 
pawls 104 do not engage motor output driver ring 92 in this 
direction. Because the output driver 50 is not engaged with 
motor output driver ring 92, there is no drag on crank arms 
52 and 54 due to motor friction and the bike pedals rotate 
freely as on a normal non-motorized bicycle. 

[0078] For motor only power, the motor drives sprockets 
108 but not the crank arms 52 and 54 which may otherwise 
cause injury to the rider. The rotation speed of sprockets 108 
is reduced from the speed of motor rotor assembly 60 by the 
combined ratio of the two planet gear sets. 

[0079] When motor power only is used, a magnetic field 
in motor stator 66 causes motor rotor assembly 60 to rotate. 
First sun gear 72 rotates with motor rotor assembly 16. The 
rotation of first sun gear 72 causes the first planet gears 74 
to rotate. Due to the fixed nature of ring gear 86 and the 
relationship of the planetary gears, the speed of the second 
sun gear 80 is reduced by the design ratio. Preferably, the 
ratio is approximately 5.6 to 1. However, it will be appre- 
ciated that other ratios may also be employed. Rotation of 
second sun gear 80 causes the three second planet gears 82 
to rotate in ring gear 86. This second rotation causes another 
reduction. Preferably, this reduction is also 5.6 to 1. How- 
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ever, other reductions may also be employed. Due to the 
multiplication of gear trains, the overall speed reduction of 
the motor output driver ring 92 is 31.86 to 1. In other words, 
the speed of motor output driver ring 92 is reduced to 31.86 
times from the speed of motor rotor assembly 60. 

[0080] As motor output driver ring 92 rotates, it engages 
motor driver ratchet pawls 104 and causes output driver 50 
to rotate. As with pedal-only power, the rotation of output 
driver 50 causes sprockets 108 to rotate. The rotation of 
output driver 50 does not cause crank arms 52 and 54 or 
spindle 42 to rotate because crank ratchet pawls 102 do not 
engage crank driver ring 100 in this direction. 

[0081] In the mode having a variable combination of pedal 
and motor power, power is delivered either by the motor or 
the rider. If the motor speed is higher than the pedal speed, 
the motor will cause the bicycle to go faster. However, if the 
rider increases pedaling speed above the motor speed, the 
rider will make the bicycle move. Hence, the engagement of 
output driver 50 depends on the relative speed of the motor 
and pedals. Whichever is rotated faster will drive the sprock- 
ets 108. 

[0082] The invention further provides the ability to 
recharge the batteries by turning of the pedals. In this option, 
the motor clutch (motor driver ratchet pawls 104) may be 
eliminated and direct contact made between motor output 
driver ring 92 and output driver 50. In this manner, when the 
pedals rotate, the motor also rotates. To eliminate the drag 
from the motor in pedal only mode, the motor turns just 
enough to eliminate the drag. 

EXAMPLE 

[0083] The electric bicycle of FIG. 1 was theoretically 
compared to a conventional direct drive electric bike. The 
electric assist bicycle of the invention was provided with 
multiple gears. Both bicycles were tested for two situations. 
First, travel was on level ground at 20 mph. In the second 
situation, hill climbing was performed at 5 mph. Controller 
losses are not included in this example and are assumed to 
be the same for both cases. 

[0084] The results of the test are illustrated in Tables 1 and 
2 below. 

TABLE 1 



Comparison at 20 MPH on Flat Ground 
with 66 in-LB Wheel Torque 







Bottom Bracket 






Motor (Multiple 




Direct Drive to Wheel 


Gear Ratios) 




8:1 Fixed Motor 


4:1 Final Gear 




Reduction 


Reduction 


Motor Resistance 


0.1 ohm 


0.1 ohm 


Torque Constant 


11 in oz/amp 


11 in oz/amp 


Voltage Constant 


8 volts/KRPM 


8 volts/KRPM 


Battery System Voltage 


24 VDC 


24 VDC 


Motor Terminal Voltage (1) 


20.4 Volts 


20.4 Volts 


Motor Current 


12 Amps 


12 Amps 


Input Power 


245 Watts 


245 Watts 


Output Power 


231 Watts 


231 Watts 


Resistive Losses 


14 Watts 


14 Watts 


Motor Efficiency 


94% 


94% 


Motor Speed 


2400 RPM 


2400 RPM 


Wheel Speed 


300 RPM (20 MPH) 


300 RPM (20 MPH) 



TABLE 1-continued 



Comparison at 20 MPH on Flat Ground 
with 66 in-LB Wheel Torque 



Bottom Bracket 
Motor (Multiple 





Direct Drive to Wheel 


Gear Ratios) 




8:1 Fixed Motor 


4:1 Final Gear 




Reduction 


Reduction 


Wheel Torque 


66 in-LB 


66 in-LB 


Battery Rating 


12 amp-hr 


12 amp-hr 


Battery Current (1) 


10.2 Amps 


10.2 Amps 


Battery Run Time (2) 


50 minutes 


50 minutes 


Battery Energy 


204 watl-hr 


204 watt-hr 



(1) Based on PWM control of motor speed. 

(2) Based on Published Current Vs Run Time Data 



[0085] This example illustrates that on level ground, the 
motor efficiency of both systems is approximately the same, 
i.e., about 94%. Battery run time is 50 minutes. However, 
with hill climbing efficiency changes radically. For the 
bicycle of FIG. 1, utilization of the 4:1 gear change reduc- 
tion, maintains the motor efficiency at 94% with a battery 
run time of 50 minutes. In comparison, the direct drive 
bicycle motor efficiency dropped by almost one half to 52%. 
Further, the battery run time was reduced to almost a third 
and was only about 20 minutes. In both cases, power output 
to the rear wheel is kept constant at 231 watts. 

[0086] Acceleration of electric motor assembly 28 is pref- 
erably accomplished by use of a throttle assembly 110 as 
illustrated in FIG. 6. Conveniently, throttle assembly 110 is 
coupled to handlebar assembly 18. Throttle assembly 110 
comprises a rubber grip 112 which is disposed about a 
throttle sleeve 114. Coupled to throttle sleeve 114 is a planet 
gear 116 which revolves around a sun gear 118. Throttle 
assembly 110 further includes a potentiometer 120 which is 
rotated when grip 112 is rotated. The potentiometer then 
sends a signal through wires 122 which are coupled to 
electronics 38 (see FIG. 1) so that electrical current can be 
supplied to motor assembly 28. 

[0087] Conveniently, a spring 124 is provided to bias grip 
112 in a home position so that when released, grip 112 will 
return to the home position and no electrical current will be 
supplied to motor assembly 28. An end cap 126 provides a 
convenient covering for the internal components. Use of 
throttle assembly 110 is particularly advantageous in that it 
has a low profile on handlebar assembly 18 so that other 
components may be placed on handlebar assembly 18 with- 
out interference from throttle assembly 110. 

[0088] The invention further provides an exemplary shift 
system that allows for automatic shifting on the bicycles of 
the invention as well as for any standard bicycle. The shift 
system of the invention allows for automatic shifting on 
essentially any type of gear system including those having 
conventional derailleurs, those having internal hub systems, 
and the like. The shift system of the invention is particularly 
useful with the bicycles described herein because such 
bicycles are able to turn the front sprockets without turning 
the pedals. In this way, the shift system of the invention is 
able to take advantage of the turning sprockets to constantly 
shift to the correct or desired gear, even when coasting to a 
stop when the rider is not pedaling. 
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[0089] By automatically shifting to the correct gear, the 
shift system enables the bicycle to be operated at an optimal 
torque level. With the electric bicycles of the invention, this 
is advantageous because minimal current is required since 
torque is optimized. By way of example, one of the problems 
associated with both regular bicycles and electric bicycles is 
the need to shift to a lower gear when coasting to a stop sign. 
Otherwise, the bicycle will be in a high gear when exiting 
the stop sign, making it difficult to turn the pedals or to 
operate the motor. A conventional derailleur system requires 
the chain to be moving for shifting to occur. Because the 
motor of the invention is able to rotate the front sprockets 
without rotating the pedals, the bicycle can be shifted while 
coasting to a stop. Further, the shift system of the invention 
takes advantage of the moving chain to automatically shift 
the bicycle to the correct gear depending upon the wheel 
speed. With the electric bicycle, automatically shifting is 
further important because the electric bicycle accelerates 
much faster than a conventional bicycle, requiring the rapid 
shifting of the gears. 

[0090] To optimize efficiency, the electric motors of the 
invention are preferably kept at maximum speed (which 
preferably equates to a pedal speed of about 75 rpm). By 
operating the motor at a maximum rpm, internal heat losses 
are minimized. Hence, by knowing the gear ratios and the 
wheel speed, the shift system employs the use of a micro- 
processor to shift to the correct gear for the current speed. In 
this way, when the motor is running, the motor speed is kept 
at a maximum so that motor efficiency is optimized. If the 
rider adds additional power through the pedals, the micro- 
processor is configured to shift to a higher gear. Such 
variables are preferably programmed into the microproces- 
sor to optimize the efficiency for each rider. 

[0091] Referring to FIG. 7, an exemplary embodiment of 
a shift system 130 will be described. Shift system 130 
includes a linear stepper motor 132 to move a derailleur 
cable 134. An exemplary stepper motor that may be used is 
a Haydon Switch and Instrument stepper motor, part no. 
46441-12. Cable 134 is coupled to a derailleur shifting 
mechanism 136 or an internal hub shifting mechanism as is 
known in the art. Conveniently, a cable adjuster 138 may be 
provided to adjust the tension in cable 134. Stepper motor 
132 is electrically coupled to a controller 140 or micropro- 
cessor. The amount of movement of stepper motor 132 is 
based upon the specific type of shifting mechanism and is 
programmed into controller 140. The drive for stepper motor 
132 is a conventional stepper motor drive as is known in the 
art. As an alternative to using a stepper or DC motor to move 
cable 134, it will be appreciated that other designs may be 
employed including use of a rotating motor with a gear 
reduction. Stepper motor 132 further includes a limit switch 
142 which is used to define a home position on power up of 
stepper motor 132. Limit switch 142 may be a contact type 
or non-contact type of switch. 

[0092] In operation, stepper motor 132 is given a number 
of pulses by controller 140 to cause the motor to move an 
exact amount. It will be appreciated that various position 
sensors may also be employed to determine the position of 
stepper motor 132. 

[0093] Also coupled to the controller is a wheel speed 
sensor 144, a front sprocket speed sensor 146, and a handle 
bar interface 148. With this configuration, controller 140 
determines the correct gear by measuring wheel speed with 
wheel speed sensor 144 and the front sprocket speed with 
front sprocket speed sensor 146. Based on the programmed 



gear ratios, controller 140 selects the correct gear and 
commands stepper motor 132 to move to the required 
position. Stepper motor 132 then moves cable 134 causing 
derailleur shifting mechanism 136 to shift gears. Because 
motor 132 moves cable 134, a variety of gear shift mecha- 
nisms may be employed, including both internal hub or 
derailleur type shifting mechanisms. Further, it will be 
appreciated that system 130 may be employed to shift gears 
on both the front sprockets and the rear sprockets of the 
bicycle. Still further, because the electric bicycles of the 
invention are able to move the chain, even when the rider is 
coasting, the shift system 130 may be employed to place the 
bicycle in a low gear when the rider coasts to a lower speed 
or stops altogether so that the required torque is minimized 
when the rider begins to accelerate. 

[0094] Shift system 130 may be incorporated into bicycle 
10 by including the controller in the electronic circuitry 
stored within frame 12 and by including the stepper motor 
and appropriate sensors on the bicycle. In this way, bicycle 
10 may be operated by using the automatic shifting features 
of shift system 130. Conveniently, bicycle 10 may be 
provided with a standard shifting system, such as a Shi- 
mano-type gear shifter, as is known in the art. 

[0095] Referring now to FIG. 8, the electrical circuitry of 
bicycle 10 will be described. The circuitry includes a main 
board controller 150, a handle bar interface board 152 and 
a battery charger board 154. Main controller board is rep- 
resentative of circuitry 38 of FIG. 1. The voltage of the 
system is preferably 24 volts DC but may optionally be 36 
or 48 volts DC. Main controller board 150 is coupled to a 
motor 156 which is representative of motor assembly 28 of 
FIG. 1. Main controller board 150 is also coupled to a 
throttle controller 158 which is representative of throttle 
assembly 110 of FIG. 6. A headlight highbeam 160 and a 
headlight lowbeam 162 are also coupled to main controller 
board 150 so that the bicycle may be provided with lights. 
Similarly, a tail light 164 is also coupled to main controller 
board 150. A rear shift stepper motor 166 is coupled to main 
controller board 150 and is representative of stepper motor 
132 of FIG. 7. Optionally, a front shift stepper motor 168 
may also be coupled to main controller board 150 to control 
shifting of the chain on the front gears. 

[0096] A battery 170 is further coupled to main controller 
board 150 and is representative of battery pack 36 of FIG. 
1. Charger board 154 is also coupled to battery 170. Charger 
board 154 is configured so that it may be coupled to a power 
supply 172, which for convenience of illustration is shown 
as a 110 VAC, 15 amp power supply. However, it will be 
appreciated that other power supplies may be used. Charger 
board 154 preferably includes a retractable cord which will 
allow it to be coupled to power supply 172. Charger board 
154 is configured to sense the voltage of battery 170 and will 
automatically configure itself for such a voltage. Charger 
board 154 may alternatively be configured to monitor both 
the temperature and voltage of battery 170. Further, charger 
board 154 may charge using either a constant voltage or 
constant current. Charger board 154 is preferably cooled 
through a heat sink that is mounted to the frame of the 
bicycle. A fan may also be used for forced air cooling, if 
required. 

[0097] Also coupled to main controller board 150 is a right 
turn signal 174 and a left turn signal 176. A system enable 
178 and a cadence 180 are coupled to main controller board 
150. System enable is a safety-type interlock which prevents 
operation of the bicycle until actuated. Cadence 180 displays 
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the front sprocket speed. A speed sensor 182 and a torque 
sensor 184 are also coupled to main controller board 150. 
Speed sensor 182 may be employed to facilitate automatic 
shifting as previously described. Torque sensor 184 may be 
employed to monitor the torque of the motor so that shifting 
may occur using the shift system as previously described to 
keep torque at a minimum. 

[0098] Handlebar interface board 152 includes an LCD 
display 186 and a keypad 188. Keypad 188 may be 
employed to control various functions, such as control of 
headlights 160 and 162. LCD display 186 may be configured 
to display various operating parameters such as bicycle 
speed, current gear, battery life, and the like. An LED power 
use array 190 is included on handle interface board 152 and 
is employed to show the amount of current used. The LED 
array may also be used to show the amount of energy 
remaining in the battery pack. 

[0099] The handlebar interface board 152 may optionally 
include an auto/manual shift pushbutton interface 192 which 
is preferably located near the left hand grip of the handlebar. 
Auto/manual shift 192 is preferably configured to be placed 
in one of three modes. The first mode is an auto shift mode 
where shifting is automatic based on wheel speed as previ- 
ously described. The second mode is manual shift where the 
rider is responsible for shifting the gear using a conventional 
shifting mechanism or keypad 188. The third mode is a 
manual upshift only, where downshifting is automatic, while 
the rider has the option to shift up when they desire. In the 
automatic shift mode, the gear ratios are previously pro- 
grammed into main controller board 150. The gears are 
continuously shifted to keep the front sprocket at the pre- 
programmed RPM. When coasting, the motor 156 turns the 
front sprocket when shifting so that the derailleur can shift 
the gears as previously described. 

[0100] A safety interlock 194 is coupled to handlebar 
interface board 152 and prevents operation of the bicycle 
until appropriate password information has been entered. 
For example, safety interlock 194 may require the entry of 
a numeric key code to activate the bicycle. If tampered with, 
a horn may be activated. Safety interlock 194 may also 
include an on/off switch to allow for the bicycle to auto- 
matically be turned to the manual mode. Further, safety 
interlock 194 may be configured to set to a "sleep" mode 
when not in use for a specified time period, such as for 5 or 
more minutes. 

[0101] A horn, turn signal, high/low beam switch 196 is 
also coupled to handlebar interface board 152 and allows for 
operation of the horn, the turn signals, and the headlights. 
These switches may also be on a separate board located hear 
the rider's left hand for ease of operation. 

[0102] The invention has now been described in detail for 
purposes of clarity and understanding. However, it will be 
appreciated that certain changes and modifications may be 
practiced within the scope of the appended claims. 

What is claimed is: 

1. An electric motor assembly, comprising: 

a housing; 

a spindle disposed to rotate in the housing; 

a motor comprising a stator coupled to the housing, and 
a rotor rotatably disposed within the stator such that the 
rotor is disposed about the spindle; 

an output driver; and 



a gear system operably coupled to the rotor and the output 
driver to rotate the output driver upon operation of the 
motor. 

2. A motor assembly as in claim 1, wherein the housing 
has a central axis, wherein the spindle is aligned with the 
central axis, wherein the rotor is concentrically disposed 
about the spindle, and the stator is concentrically disposed 
about the rotor. 

3. A motor assembly as in claim 1, further comprising a 
sprocket assembly operably coupled to the output driver 
such that the sprocket assembly rotates upon rotation of the 
output driver. 

4. A motor assembly as in claim 1, wherein the gear 
system is coupled to a motor driver, and further comprising 
a first clutch to engage the motor driver with the output 
driver when the motor driver is rotating faster than the 
output driver. 

5. A motor assembly as in claim 4, further comprising a 
crank arm coupled to the spindle. 

6. A motor assembly as in claim 5, further comprising a 
second clutch to engage the crank arm with the output driver 
when the crank arm is rotated faster than the output driver. 

7. A motor assembly as in claim 6, wherein the first clutch 
and the second clutch are coaxially aligned with an axis of 
the spindle. 

8. A motor assembly as in claim f, wherein the gear 
system comprises a set of planetary gears to rotate the output 
driver at a rate of rotation that is less than the motor. 

9. A motor assembly as in claim 8, wherein the rate of 
rotation of the motor is in the range from about f ,800 rpm 
to about 3,600 rpm, and the rate of rotation of the output 
driver is in the range from about 60 rpm to about 120 rpm. 

10. A motor assembly as in claim 1, wherein the motor 
comprises a brushless DC motor. 

11. A motor assembly as in claim 1, further comprising at 
least one bearing assembly coupled to the housing and 
disposed about spindle so as to generally prevent rotation of 
the spindle by the motor upon operation of the motor. 

12. A motor assembly as in claim 5, further comprising a 
bearing assembly disposed between the rotor and the spindle 
to generally prevent rotation of the rotor upon rotation of the 
spindle by the crank arm. 

13. A cycle comprising: 

a frame having a bottom bracket; 

at least one wheel operably coupled to the frame; 

a motor assembly disposed within the bottom bracket, the 
motor assembly comprising a spindle disposed to rotate 
within the bottom bracket, a motor comprising a stator 
coupled to the bottom bracket and a rotor rotatably 
disposed within the stator such that the rotor is disposed 
about the spindle, an output driver, and a gear system 
operably coupled to the rotor and the output driver to 
rotate the output driver upon operation of the motor; 

a first sprocket assembly coupled to the output driver such 
that the sprocket assembly rotates upon rotation of the 
output driver; 

a second sprocket assembly coupled to the wheel; and 

a chain coupled to the first sprocket assembly and the 
second sprocket assembly to rotate the wheel upon 
rotation of the output driver. 
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14. A cycle as in claim 13, wherein the frame defines a 
cavity, and further comprising a battery housed within the 
cavity, the battery being electrically coupled to the motor. 

15. A cycle as in claim 13, wherein the second sprocket 
assembly includes multiple gears, and further comprising a 
shifting mechanism to move the chain between the gears and 
a controller to control actuation of the shifting mechanism 
based on the rotational wheel speed and the rotational speed 
of the first sprocket assembly. 

16. A cycle as in claim 15, wherein the shifting mecha- 
nism comprises a derailleur and a cable coupled to the 
derailleur, and further comprising a stepper motor having 
lead screw to tension the cable based on signals received 
from the controller. 

17. A cycle as in claim 15, further comprising a throttle to 
control the speed of the motor. 

18. A cycle as in claim 17, wherein the throttle comprises 
a potentiometer. 

19. A cycle as in claim 1 3, further comprising a swing arm 
pivotally coupled to the frame, with the wheel being 
attached to the swing arm, and a suspension mechanism 
disposed between the swing arm and the frame, and wherein 
the motor assembly and the bottom bracket are disposed in 
the swingarm. 

20. A method for operating a cycle, comprising: 

providing a cycle having a frame, at least one wheel 
operably coupled to the frame, a front sprocket assem- 
bly rotatably coupled to the frame, rear sprocket assem- 
bly coupled to the wheel, a chain coupled between the 
first sprocket assembly and the second sprocket assem- 
bly, a motor assembly having a motor driver operable 
to turn the first sprocket assembly, and a crank arm 
operable to turn the first sprocket assembly; 

actuating the motor and turning crank arm; and 

engaging the motor to turn the first sprocket assembly if 
the motor driver is turning faster than the first sprocket 
assembly, and engaging the crank arm with the first 
sprocket assembly if the crank arm is rotated faster than 
the first sprocket assembly. 

21. A method as in claim 20, wherein the second sprocket 
assembly includes multiple gears, and further comprising 
shifting gears so as to maintain motor speed at near a 
maximum output level while the front sprocket assembly 
rotates at a rate within the range of the human leg. 

22. A method as in claim 21, wherein the motor is 
operated at a rate in the range from about 1,800 to about 



3,600 rpm, and the front sprocket assembly is turned at a rate 
in the range from about 60 rpm to about 120 rpm. 

23. A method as in claim 22, further comprising shifting 
gears without turning the crank arm. 

24. A method as in claim 22, wherein the first sprocket 
assembly is rotated by the motor without causing the crank 
arm to rotate. 

25. A bicycle frame comprising: 

a frame body which is adapted to be coupled to two 
wheels, and wherein the frame body includes a cavity 
which is adapted to receive and house at least one 
battery. 

26. A method for operating a cycle, comprising: 

providing a cycle having a frame, a front wheel and a rear 
wheel operably coupled to the frame, a front sprocket 
assembly rotatably coupled to the frame, rear sprocket 
assembly coupled to the rear wheel and having multiple 
gears, a chain coupled between the first sprocket 
assembly and the second sprocket assembly, a pair of 
pedals operably coupled to the front sprocket assembly, 
and an electric motor operably coupled to the front 
sprocket assembly; 

actuating the motor to turn the first sprocket assembly; 
and 

automatically shifting the chain between the gears so as to 
maintain motor speed at near a maximum output level 
while the front sprocket assembly rotates at a rate 
within the range of the human leg. 

27. A method for operating a cycle, comprising: 

providing a cycle having a frame, a front wheel and a rear 
wheel operably coupled to the frame, a front sprocket 
assembly rotatably coupled to the frame, rear sprocket 
assembly coupled to the rear wheel and having multiple 
gears, a chain coupled between the first sprocket 
assembly and the second sprocket assembly, a pair of 
pedals operably coupled to the front sprocket assembly, 
and an electric motor operably coupled to the front 
sprocket assembly; 

actuating the motor to turn the first sprocket assembly; 
and 

shifting the chain between the gears without turning the 
pedals. 

- ■ . »■* 
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